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PREFACE. 



In laying this Supplement to ray Dictiooary of Arts, Manufactures, and Mines, 
before the world, while I gratefully acknowledge the indulgence with which that 
work has been received, may I be permitted to advert very briefly to some of my 
present endeavors to render it less undeserving of public favor, though, after all 
my efforts, it will by no means realize either my own wishes and intentions, or the 
expectations of all my readers ? 

To investigate thoroughly any single branch of art, we should examine it in its 
origin, objects, connexion with kindred arts, its progressive advancement, latest 
improved state, and theoretical perfection. The general principles on which it is 
founded, whether belonging to the mechanical, the physical, the chemical sci- 
ences, or to natural history, should be fully expounded, and tested by an applica- 
tion to its practical working on the great scale. The Maximum effect of the ma- 
chinery which it employs, and the maximum product of the chemical mixtures 
and operations which it involves, should in every case be calculated and compared 
with the actual results. 

Such have been my motives in the numerous consultations I have had with 
manufacturers relatively to the establishment or amelioration of their factories, and 
when they are kept steadily in view, they seldom fail to disclose whatever is erro- 
neous or defective, and thereby to lead to improvement. It will not be denied by 
any one conversant with the productive arts, that very few of them have been 
either cultivated or described in this spirit. It is to be hoped, however, that the 
period is not remote, under the intellectual excitement and emulation now so prev- 
alent in a peaceful world, when manufactories will be erected, and conducted 
upon the most rational and economical principles, for the common benefit of 
mankind. Meanwhile it is the duty of every professor of practical science to 
contribute his mite toward this desirable consummation. 

It is under a sense of this responsibility that I have written the leading articles 
of this Supplement, having enjoyed some peculiar advaptages in my profession 
for making the requisite researches and comparisons. I trust that not many of 
them deserve to be regarded as trite compilations or as frivolous novelties, with the 
exception M a few of the notices of recent patents, which I have intentionally 
exhibited as beacons to deter from treacherous quicksands, not as lights to friendly 
havens. I have sought sincerely to make them all conducive, more or^less, to 
utility ; being either new contributions to the old stock of knowledge, or additions 
and corrections to the miscellaneous volume of which the present is the sequel. 

Arrow Root is here for the first time treated as a well-organieed manufacture, 
in conformity with my quondam definition : '' Manufacture is a word which, in 
the vicissitude of language, has come to signify the reverse of its intrinsic mean- 
ing, for it now denotes every extensive proiiuct of art which is made by machineiy, 
with little or no aid of the human hand ; so that the most perfect manufacture is 
that which dispenses entirely with manual labor."* 

Arrow root being the purest and most agreeable variety offecula, and therefore 
one of the most powerful nutriments, deserves more attention from the colonial 
planter than it seems hitherto to have received. As it has been now so judiciously 
prepared in the island of St. Vincent, by the proprietor of the Hopewell estate, 

* " Philosophy of Manufkctmres/' page 1. 
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it will, I hope, amply repay his enterprisiog and liberal spirit, seeing that be sup- 
plies us with an article equal if not superior to the best from Bermudas, at two 
thirds of the price. 

To Artesian Wells an interesting notice has been added of the successful 
labors of MM. Ara^o and Malot at Greoelle, near Paris. 

I doubt not that should cockneys happen to read what is here said of Bavarian 
Beer, they will feel no little surprise, mixed with scorn and incredulity, when 
told that the mystery of brewing is more philosophically studied and incompara- 
bly better understood in Munich than in London, and indeed throughout all Ba- 
varia, than in Old England ; but such is certainly the fact, as every delicate 
stomach will experience which is cheered with the beverage of the former capi- 
tal, and loaded with the heavy-wei of the latter. The brief outline here offered 
to my readers has been carefully drawn from the best sources of information, 
obtained during several excursions into Germany. It will, I hope, induce the 
brewers of this country to set more value on chemical science than they have 
heretofore done, and thereby eventually lead to a radical reform of our colossal 
establishments for extracting from malt a beverage more akin to that of fermented 
grape-juice, in its freedom from vinegar and gluten, si> abundant now in the greater 
part of the British porters i|nd beers. 

Under Biscuits will be found a complete description, with figures, of the 
grand automatic bakeries of Deptford and Portsmouth, which provide our hardy 
tars with the staff of life in the soundest state. 

The perusal of the article Bread will prompt the wish that our land-holding 
legislators would consent to let the people under their domination get, at a mod- 
erate cost, some of the wheat of southern Europe, much richer than that of our 
average home growth in the azotized glutinous principle, so essential to the for- 
mation of our blood and m\iscles; a wheat adapted to make a superior bread, such 
as that called pain du grttau in Paris, and also a superior macaroni, like the Nea- 
politan. In this department of industry, so important for the welfare of the 
population, the French have set us the example of applying to it the economical 
resources of the factory system, having organized a self-acting bakery, in, which 
bread of the finest quality is made on the great scale, in smokeless ovens of a 
nicely regulated temperature. Meanwhile, the mass of her majesty's subjects 
are dependant for their bread upon a multitude of tradesmen of slender means, 
who earn a scanty livelihood by hard labor, and who work up a weak inferior fiour 
into a bad bread, which they are too often tempted to whiten with alum and 
other unwholesome drugs. The penalty liable to be inflicted upon bakers for 
having alum on their premises, is commonly evaded by letting it be added to the 
flour in the mill. Why do not our wise legislators enact a law for the sum- 
maxy conviction and punishment of a baker selling bread with alum in it ; a saline 
compound most easily detected by chemical analysis ? 

I was lately called upon professionally to examine the very white bread of a 
fashionable baker of high pretensions, and found it to contain a notable quantity 
of alum; so much so, as to have been directly offensive to the stomachs, and 
hurtful to the health of several individuals in the family using it. This is no sol- 
itary case, but is, I believe, that of a large proportion of the bakers^ in London, 
and suburbs, who operate upon a partially damaged flour, as one may easily sur- 
mise from the disagreeable odor exhaled from the hot loaves in too many of their 
shops. Yet what individual will be Quixotic enough to attack the numerous and 
ever-changing arms of this Briareus ? Who would choose to incur the trouble, 
responsibility, and expense of prosecuting a frequent misdemeanor of this kind, 
relatively to which the want of fine wheat in the market is a principal motive and 
apology? 

From these evils our grandees are exempt, as they bake their bread at home 
of the best materials. Though they are apparently regardless of the injury suf- 
fered by the public from this source, they are, however, quite alert in the execu- 
tion of the game and excise laws, the stringent penalties of which are inexorably 
inflicted against petty transgressors, exposed to temptations often too strong for 
the iiifirmity of human nature to resist. 

Id every well-governed state of continental Europe there exists a Board of 
Health, or CanaeU de Saluhriti^ composed of eminent physicians, chemists, and 
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engineers, appointed to watch over wfaafeyer may affect injuriously the public 
health and comfort. In France, this commission consists, for the capital, of se?en 
members, who have the sanreiilance, in this respect, of marl^ets, factories, places 
of public amusement, bakeries, shambles, secret medicines, &c. This tribunal has 
discharged its fu actions to the entire satisfaction of their fellow-citizens, as appears 
from the following authentic report : " Non seulemetU unefouie de carucB dHn- 
salubriti disparurent, mats beaucoup de moyens^ de procidis nouveaux furent pro- 
poses pour assainir Us Arts et les Metiers* qui jusque Id. avaierU paru inseparables 
de ces causes d'insalubrite ; la plUpart de ees moyens eurent un plein succis. II 
n*y a pas d*exemple que les membres du Consdl appdes a donner leur avis sur des 
pCaintes formees contre des fabriques^ aient jamais repondu quHlfaUait les suprimer 
sans avoir cherche eux-memes d aplanir les difficultes^ que presentait aux fabricantSt 
Vassainissenient de leur art^ etpresque taujours its sont parvenu dresoudre leprob- 
Ume. Le Conseil de Salubrite, que Von ne saurait trop signaler d la reconnais- 
sance de publique, est une institution que les nations itrangeres admirentt et s*effor- 
ceront dHmiter sans doute.*** 

From this confideot hope of emulation by other nations, the author of these 
excellent observations would have excepted the United Kingdom, had he known 
how little paternal care is felt by the government for the general interests of the 
people. In Germany, indeed, where the fatherland feeling is strong in the breasts 
even of those rulers whom we are apt to consider despots, similar boards of healtli 
are universally established, whereas our legislative oligarchy frames laws chiefly 
for the benent of its own class and dependants ; as happened in the old time, 
when there was no king in Israel to regard alike the interests of the poor and the 
rich. 

The Prussian municipal law (Allgemeine Landrecht) contains the following 
enactments with regard to the sale of spoiled or adulterated victuals. Th. II. Tit. 
20; Abschnitt 11; §§722 to 725. '* No person shall knowingly sell or commu- 
nicate to other persons for their use, articles of food or drink which possess prop- 
erties prejudicial to health, under a penalty of fine or bodily punishment. Who- 
soever adulterates any such victuals in any manner prejudicial to health or mixes 
them with unwholesome materials, especially by adding any preparation of lead 
to liquors, shall, according to the circumstances of the case, and the degree of 
danger to health, be liable to imprisonment in a correction-house, or in a fortress, 
during a period varying from one to three years. Besides this punishment, those 
who are found guilty of knowingly selling victuals which are damaged or spoiled 
{verdarbcTier), or mixed with deleterious additions, shall be rendered incapable for 
ever of carrying on the same branch of business. The articles in question shall 
be destroyed, if incorrigibly bad, but if otherwise, they are to be improved as far 
as possible at the cost of the culprit, and then confiscated for the benefit of the 
poor. Further, whosoever mixes victuals or other goods with foreign materials, 
for the purpose of increasing their weight or bulk, or their seeming good quali- 
ties, in a deceitful manner, shall be punished as a swindler.*' 

It is singular how, amid the law-making mania which has actuated our senators 
for many sessions, that not even one bill has been framed for the protection of the 
people from spoiled and adulterated foods and drinks. 

For the article on Brick-Making, my readers are indebted to a valuable com- 
munication to the Institution of Civil Engineers, and the judicious remarks on it 
by several of its members. At its conclusion, a notice is inserted of one of those 
abuses which too often recur in our courts of judicature, in consequence of sci- 
entific witnesses merging the dispassionate philosopher in the mercenary partisan, 
and striving to mislead the judge and jury, by giving a one-sided view of the mat- 
ter submitted to their candid examination. Such procedure is injurious, not 
merely to the individual casuist, but to the cause of science. What a close affinity 
is there between these quibblers and the venal phUosophists so graphically por- 
trayed by Lucian ! 

In addition to the sectional view of the four-colored calico-printing machine, 
given in the Dictionary, an outside view of this admirable mechanism ia now pre- 
sented to my readers ; the two together constituting the only good representation 
of it hitherto made public 

* *' Dictionnalre Technologique," torn, ii.^ p.S93. 
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The production, properties, and manufacture of caoutchouc, are treated here io 
considerable detail, peculiar facilities having occurred to me for the thorough in- 
vestigation of this novel branch of industry. Jf, along with the account now 
given, the articles Bookbinding, Braiding Machine, and Elastic Bands of 
the Dictionary be consulted, the student will possess a pretty cpraplete knowledge 
of caoutchouc. 

Chocolate is also a new contribution to my work, which I have been enabled 
to make in consequence of extensive e^cperimental researches. It is to be hoped 
that our intrepid sailors will be allowed to reap the full benefit of the investiga- 
tions which I made in their behalf, by desire of the Lords Commissioners of the 
Admiralty, and that their daily breakfast beverage will be for the future more sol- 
uble, emulsive, and nutritious, than I found it to be on commencing my researches, 
at which time about three fourths of the cocoa was so coarsely ground, for the 
service of the navy, as to be left io a state altogether unfit for digestion. 

The various new modes of producing pictorial impressions by the agency of 
light on chemically prepared surfaces are described under the titles, CalOtype, 
Daguerhotypk, Photography, dec. The somewhat kindred copying art by 
electricity, is treated under the article Electro-Metallurgy. 

Fermentation will be found a useful companion to the account of Bavarian 
beer ; both being calculated to invite brewers and distillers to look more narrowly 
than they seem to have done into the interesting world of organic chemistry, so 
succ.-.ssfully explored in Germany and France, but so little studied in this country. 

Gas Light has been contributed by a most intelligent friend, and deserves to 
be regarded as a standard treatise on this important branch of engineering, con- 
densed into the shortest possible space consistent with perspicuity. 

Guano, destined ere long to become. the chief pabulum of British agriculture, 
and thereby to emancipate our landholders and farmers from their exositophobia^ 
their dread of the importation of foreign corn, has been discussed ai considerable 
length from peculiar sources of information. 

Under Iron and Smelting are given descriptions, with figures, of the besi 
plans of the apparatus for the hot-air blast, and for feeding the blast furnace with 
mine, limestone, and fuel ; both being original contributions from an eminent 
engineer. 

The Seed-Crushing oil manufacture is, I believe, now for the first time in this 
country represented by a complete set of figures, exhiji)iting the various parts of 
the wedge stamping-mill ; the oldest and probably still the best plan of extracting 
oil from seeds. 

Pepper presents an instructive example of the fallacy of chemical evidence, 
sometimes too inconsiderately given in a court of justice. Were the solemn 
sanctity of an oath rightly impressed on the minds of scientific men' they would 
not testify to anything but what they did most surely know, and would escape the 
remorse and obloquy consequent, in feeling minds, on having borne false witness 
against their neighbor. 

The Saccharometer table printed at first for the Dictionary, but omitted along 
with some other articles of less importance, for want of room, is now given with 
certain improvements. 

Smoke-prkvkntion is a matter of such moment to the comfort and salubrity 
of all our large towns, and even of many semi-rural districts, that in promoting 
the publicity of Mr. Charles Wye Williams's unexceptionably simple and suc- 
cessful plan for effecting a consummation so earnestly to be wished fur, I am con- 
scious of merely discharging a professional duty. 

Spinning exhibits a short bUjt systematic view of the admirable self-acting 
system invented by Mr. Bodmer, whereby all the operations in a cotton-factory 
are linked together in regular succession, and co-operate, with little or no manual 
aid, toward turning out a perfect product. This invention constitutes a true 
automatic era in textile factories. I trust the author of these inventions will be 
duly recompensed for the ingenuity and labors of very many years. 

In the spinning of fine flax yarn by machinery, the greatest mechanical con- 
quest which our factories have madtt in our own days over the industiy of rival 
nations, a capit:il improvement has been recently made by Mr. Westly of Leeds. 
His former invention, the screw gill or spiral comb described in the Dictionary, 
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under Flax, is now universally employed. His new contrivance is called the 
Sliver RoviNGf of which a description will be found in the Appendix, having 
come too lately to hand for insertion in its proper place. It promises to be a stiU 
more valuable improvement in this difficult branch of manufacture than even the 
spiral comb. 

The table entitled Spirits exhibits the correspondence between the technical 
nomenclature of our excise as reckoned in over-proof and under-proof strengths, 
and the simple scale of specific gravity as understood and agreed upon all over 
the world. Since alcohol alone, and not water, is the subject of taxation, why 
not have an alcohol-meter, like that of Gay Lussac, which shows at once the 
proportion of taxable stuff in any spirit ? (See Alcohol in the Dictionary.) As^ 
however, our excise laws, like those of the Medes and Persians, are not likely to 
be changed in conformity with any scientific remarks, the above table is a desider- 
• atum to practical chemists. 

Sugar of Potatoes, being a recent manufacture in this country, is fully 
investigated from my own professional resources.. 

Tobacco is discussed at considerable length, valuable materials for this inquiry 
having been afforded in the Report of the recent Committee of the House of 
Commons. While this plant is a rank weed, conducive neither to the sustenance 
nor health of man, and tlierefore a most fit object fpr deriving front its consumers a 
fiscal revenue, it affords instructive lessons oq the InQuence of our fiscal adminis- 
tration on arts and manufactures.. . > . • . 

When the duty on an article is more tlfafk ted times its intrinsic value, it must 
become the subject of perpetual and enorn^Qu^ fraudiSf apd engender innumerable 
misdemeRnors and crimes. Toward <be' pt«ventio« and punishment of these 
transgressions of the fiscal laws^ a cun^brqus, complex, costly, sonfiewhat arbitrary 
and despotic system of espionage and prosecution must be organized. The 
working of this vast macbioery is well shown in the committee's report, and 
must excite uncomfortable feelings in every honorable mind. We here se^; on a 
somewhat magnified scafe, tb? system of interference with, and prying iuto, pro- 
cesses of art and manuCicture wVieh accompanies and characterizes all the oper- 
ations of the excise. , This device for collecting revenu'e for the necessities of 
the state is the PanfTora's box of the dethroned Stuarts, and should have been 
expatriated with that ill-starred family. We may say of it, Quicquid tangit, 
deomaU No branch of.industr^'-can acquire its due development under its wiry 
training and fast/;ning. Had the incubus of the excise overlaid our textile man- 
ufactures of wool, cotton, flax, and silk, how dwarfish would their stature have 
remained, and how meanly would they have quailed under the unrestrained labor 
bf rival nations; whereas how they afford employment, with food, raiment, and 
lodging, to millions of our people. For the manufacture of glass in all its useful 
and ornamental branches, this. country possesses indigenous resources superior to 
those of every other one, in its stores of fuel and vitrifiable materials of every 
kind, and yet it is surpassed by France, Switzerland, and Bavaria, in glass for op- 
tical purposes, and by Bohemia in the quality and execution of decorative glass. 
Our scientific chemists have been obliged to get all their best glass apparatus from 
Germany, via Hamburgh. 

Surely our glass-makers are the same race of people as our manufacturers of 
iron, tine cotton yarn, touslin, bobbin-net, broad silks, &c., which defy the com- 
petition of the world, and if unshackled by the excise thej would ere long turn 
the scale against their foreign ri^ls, now their superiors. The incessant and 
vexatious espionage of the excise is a bar to all invention in every art under its 
control. Who would expend thought, science, labor, and money, in maturing 
any discovery or improvement, b}' experiments necessarily conducted under the 
eyes of needy excisemen, who would tell all they have seen for a trifling bribe ? 
"Perhaps the gigantic scale of our spirit distilleries may be appealed to in proof 
of the fostering care of the excise, under which they have been reared. But this 
overgrowth, when well looked into, is no evidence of a sound constitution, but 
merely of the depravity of a grovelling uneducated people. In fact, our distil- 
leries produced until very lately a very impure and offensive spirit, strongly imbued 
with noxious fusel-oil^ or oil of grains (see Alcohol in this SuppUmenl), and but 
for the recent introduction of Mr. Coffey's still into some distilleries, they would 
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all have been yet sending forth a similar crude spirit. But though Mr. Coffey 
was for many years an officer of excise, and therefore did adapt his patent inven- 
tion to all the just requirements of the revenue laws, he has met with very vexa- 
tious obstructions in the erection of bis stills and on the most frivolous pretences. 

As a general corollary from my long experience in the conduct of arts and 
manufactures, I feel warranted to declare, that the excise system is totally incom- 
patible with their healthy growth, and is in itself the fruitful parent of fraud, 
perjury, theft, and occasionally murder. The sooner this portion of the revenue, 
so oppressively, so expensively, and so offensively collected, is replaced by an 
equitable tax on property, the better for the welfare of this great country. I have 
no quarrel with the gentlemen who administer the excise laws ; several of them 
with whom I have been professionally conversant I esteem very highly as intelli- 
gent and upright men, who do what they deem their duty in a conscientious man- 
ner. But in concluding a very extensive survey of the great branches of our 
national industry, this vile obstacle to their progressive growth became so mani- 
fest, that it would have been ^pusillanimous to shrink from the task of pointing 
out the magnitude of the evil. 

Ventilation describes the plan now organized in the Keform Club House, 
which I inculcated in the Phil(Jsophy of Manufactures, published in 1835, as also 
in a paper read before the Royal Society in 1 836, and which was copied into sev- 
eral of the scientific journals of that period. About the same time. Dr. Reid 
.was erecting a huge factory furnace and chimney for the ventilation of the House 
of Commons, which would have been accomplished more effectually at one half 
of the expense, and without any architectural disfigurement, by my method of 
ventilating fans, which was, in fact, that long practised in our great textile facto- 
ries. The doctor has, I understand, renounced his chimney draughts in ventila- 
ting the Court of Exchequer at Westminster, and adopted a similar system to 
that of the Keform Club House. I hope he will pursue the same plan in the 
new Houses of Parliament, as it may be mounted at a very small cost, and with- 
out occasioning the least unsightly appearance or any annoyance. 

I have subjoined in an Appendix a brief treatise, entitled Chemistry Simpli- 
fied, which, being duly studied, will prove a useful guide to practitioners in 
testing alkalis, acids, and bleaching substances, in several departments of the 
chemical arts. 

A few of the articles marked in the Dictionary for reference to the Supplement, 
were, on reconsideration, not found susceptible of useful annotation. Most of 
these references were, indeed, statistical detail^, which are given from the latest 
and best sources in Mr. M*Culloch's excellent Dictionary of Commerce. 

London, 13 Charlotte Street, Bedford Square, 
2Sth October, 1844. 
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ACETIC ACID. Rapid acetification, or the quick formation of vinegar, was 
practised upon malt worts in this country long before the rapid conversion of alcohol 
into vinegar was introduced into Germany. In the year 1842, Mr. Ham obtained 
his patent for an improved method of making vinegar, which is described in the dic- 
tionary. His son, Mr. F. Ham, of Norwich, civil engineer, states that for some years, fonr 
of the largest country manufactories in the kingdom have been at work upon his father's 
plan, and that they are now in successful competition with the great London establish- 
ments. The apparatus consists of a huge vat, in the centre of which is a revolving 
puiQp, having two or more shoots pierced with holes, whereby a constant shower of 
the fermented wort, called wash, is kept falling from the top. The under part of the 
vat contains the wash ; the upper part, birch twigs properly prepared, which are so 
placed as not to interfere with the revolving shoots. Between the surface of the wash 
and the rafters which support the twigs, a space of a few inches is left vacant, into 
which one or more holes in the side of the vat admit the air spontaneously or have it 
forced in. The wash is maintained, by steam pipes immersed in it, at a temperature 
of from 9CP to 100° F., so that, in consequence of the extensive application of the 
atmospheric oxygen during the trickling through the twigs, it may be made sour in the 
course of 48 hours; but, in general practice, it is completely acetified in from 15 to' 
20 days. By this apparatus, a wort brewed from raw grain, with only one seventh (rf 
malt, will produce a vinegar equal to that from malt alone ; and the acetifying process 
may be arrested whenever it is completed, thus preventing the risk of the vinegar 
running into the putrefactive stage, as happens occasionally in the slow plan of fer- 
mentation. The admission of air is so moderated as not to dissipate the alcohol of the 
wash by evaporation. A wort of 24 lbs. gravity per Richardson's instrument, equal 
to 1-066 sp. gravity, will in this way yield an acid of revenue proof. 

This old-going process is essentially the same with that for which John W. Neale 
and James Edouard Duyck obtained a patent in September, 1841, with this difference, 
that they employ the expressed juice of beet-roots instead of corn-wort. 

The total number of vinegar factories in the United Kingdom was a few years ago 
only 48, of which five of the principal are in London, four being on the Surrey side of 
the Thames. In these, malt vinegar-making is associated with the manufacture of 
British wines, called " sweets" by the excise. The fermented wort or wash is acetified 
either by " stoving or fielding." By the first plan, casks containing the wash are arranged 
in close rooms, heated by steam-pipes or stoves. By the second plan, the casks, each 
holding somewhat more than 100 gallons, are laid on their sides, with the bung- 
holes up, and distributed in long parallel rows, two or more deep, with narrow lanes 
between. A flexible pipe or hose, in connexion with the great wash tun in the brew- 
house, is laid alongside of the casks, for the purpose of filling them, and keeping them 
supplied in case of leakage, or evaporation. The wash requires usually several iqionths 
for its complete acetification, during which time the bung-holes are left open in fine 
weather, but covered with a tile in the time of rain. When the acetous fermentation is 
completed, the contents of the casks are transferred by a syphon into a shoot laid on 
the ground, whence it is drawn by a pump into a store vat within doors. It. is next 
clarified in very large v»ts, caUed " rapes," because in them it is filtered slowly and 
repeatedly through a compacted heap of the stalks and skins of raisins, called rape, 
which is the refuse of the British wine manufacture. 

In 1838, 2,628,978 gf^lopis of vinqfl^ paid duty in EngUind ; in 1839, 2,939>665 ; 
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and in 1840, 3,021,130 ; npon which the gross amount of duty was respectiyely, 
21,908/. 3«.; 24,488/. ]7«. 6d. ; and 25,978/. 124. 9d, 

In Scotland, in the same years, 15,626 galloVis ; 14,532; and 12,967 ; on which the 
duty charged was, respectively, 130/. 4«. 4d, ; 121/. 2s, ; and 111/. 19*. 7rf. 

In Ireland, in the same years, 48,158 gallons; 50,508; and 56,812; on which the 
duty charged was, 401/. 6«. 4d, ; 420/. 18^. ; and 489/. 13s. 

In the Grerman process of Schiitzenbach for the rapid formation of vinegar, 180 
measures (of 2 litres, or 2 quarts each) of water are added to 20 of alcohol of from 
44 to 45 per cent, by Tralles, and 6^ of vinegar, containing 3 J per cent, of acetic 
acid. These 206^ measures produce on the average 203 to 204 of vinegar of the 
above strength. The process of acetification in the graduation tubes (gradir/dsser) 
is finished in about 48 hours, and furnishes a vinegar of only 2*75 per cent, of acid 
strength. The liquid still contains some unchanged alcohol, and it is therefore 
transferred into tuns, where it completes its oxygenation. The heat of the chamber 
being about 90° F., occasions the stream of air that is passed through the above mate- 
rials to carry off unproductively one tenth of the alcohol at least. Of the air tha 
passes through the apparatus, only 3 per cent, of its oxygen is converted into carbonic 
acid.* An increase in the proportion of alcohol in the mixture is not found favorable 
to increased production of vinegar. 

The theory of the acetification of alcohol was first fully cleared up by the researches 
of Liebig on aldehyde. For the production of 100 pounds of hydrated acetic acid, 53 
pounds of oxygen are required, which are contained in 227 pounds of air, and oxygenate 
77 pounds of absolute alcohol. 

The conversion of the alcohol of fermented liquors into vinegar may be chemically 
represented as follows : Alcohol is a compound of four atoms of carbon, six of hydrogen, 
and two of oxygen, or in symbols 04 He O2. In certain circumstances (as the first stage 
of acetification) it loses two atoms of hydrogen, and becomes aldehyde, or dehydrogenated 
alcohol, 04 H4 0«. This body readily absorbs two atoms of oxygen on exposure to air, 
and thus forms one atom acetic acid ; in symbols, 04 H3 03 -j- 1 atom water (H O). 
These results are obtained in the exposure of vapor of alcohol to platinum sponge, 
or platinum mohr. In all cases it is presumed that aldehyde is first produced, then 
vinegar. The quick vinegar process has been in this country advantageously applied 
to the acetification of a solution of starch sugar made by the agency of either malt or 
sulphuric, acid. But as our excise laws are adverse to the spirituous fermentation of 
such sugar, the starch liquor, after being boiled with one per cent, of sulphuric acid, is 
directly fermented into a crude wash, which is then acetified by the following 
method : — 

A very large slightly conical tub or tun, 14 feet wide at bottom, 15 at top, and 13 
high, turns out in a given time as much vinegar as is in Germany obtained from six tubs 
8 feet high and 4 feet wide. Our larger mass of materials generates and maintains so 
much heat in the oxidation of the spirit, as to require no stove-heating in a properly 
constructed chamber. Two and a half feet above the bottom of the above tun, a false 
bottom is laid. The space above this bottom is filled with coopers' wood shavings 
and chips, and the space beneath is destined to receive the liquor as it trickles down 
on the true bottom, in order to be pumped up in continual circulation. At a moderate 
height above the tun, the reservoir of the wash is placed, which discharges itself 
through a regulating stop-cock, or valve, into a pipe in its bottom, which passes down 
through a pretty large hole in the middle of the lid of the tun, and terminates a few 
inches under it, in a cross pipe shut at the ends, which is made to revolve slowly by 
mechanical power, in a horizontal direction round the end of the vertical pipe. This 
cross pipe is long enough to reach nearly to the sides of the tun, and, being pierced with 
small holes in its under side, delivers the fermented liquor, in minute streams, equally 
all over the surface of the chips of wood. It thence falls into the lower compartment 
of the tun, through holes round the circumference of the false bottom, whence it is 
pmmped up again, under certain modifications, to be presently described. 

The air for oxygenating the alcohol into vinegar is supplied from two floating 
gasometers, which are made to rise and fall alternately by steam power. The ascending 
one draws its air from a pipe which passes into the centre of the tun, immediately 
under the false bottom, and as it redescends it discharges that air through a pipe into 
a cistern of water, which condenses, and retains the alcoholic vapor drawn off with 
the air. This water is used in making the next acetifying mixture. The fresh air is 
admitted in the top of the tun by the sides of the vertical liquor pipe, which is somewhat 
smaller than the hole through which it passes. Proper valves are placed upon the pipe9 
connected with the gasometer pump, whereby the air drawn from the bottom compart- 
ment is prevented from returning thither. A small foircing-pump is employed to raise 

* Kmfpt Annal. der Cham, vnd Phann. zlii. 113. 
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the liquor oontiaually from the bottom of the tun to the cisteiii OTerhead. By thw 
arrangement good vinegar may be made in a few days, without any perceptible loas of 
materials. The progress of the acetification in this apparatus is ascertained by testing 
• the air for oxygen as it is slowly drawn into the gasometers, or expelled from them. 
For this purpose a handle of twine, which has been impregnated withsolation of sugar 
of lead, and dried, is set fire to, and pliinged into a bottle filled with the air« la 
general, it is so well disoxygenated and carbonated, that the ignition is immediately 
extinguished. By regulating the warmth of the apartment, the motion of the gasome- 
ter, and the admission of air, the due progress of the acetification may be secured. 
The vinegar has an average strength of 5| per cent, of acetic add hydrate, and is im- 
mediately ready for the maricet. 

Hitherto it has been generally imagined that the formation of vinegar is accom- 
plished by a peculiar fermentation, which has been called the acetous^ in contradistinc- 
tion from the vinous, the panary, the putrefactive, &c. But this doctrine is doubtful. 
The experiments which serve as its base, and which should reveal the nature of its pe- 
culiar ferment, as also the chemical reactions which take place in its progress, all 
seem to place this phenomenon somewhat out of the sphere of fermentation properly 
so called. Every fermentation operates by resolving a body into compounds less com- 
plex than itself. But the so-called acetic fermentation serves to combine, on the con- 
trary, t^o bodies, viz., alcohol and aldehyde, with the oxygen of the air ; and this 
is the only case where fermentation produces such an action, which is a true com- 
bustion. 

Yet it must be confessed that the acetic seems to possess all the characters of the 
other fermentations ; namely, the union of an organized body or ferment with a fer- 
mentable organic matter. The former is found in that mucous substance called mother 
of vinegar, and which is seen floating on the surfkce of vinegar in the act of its gene- 
ration. It begins to appear with the acid fermentation, and it continues to be formed 
during its whole progress. It is at first a pellicle composed of globules much more 
minute than those which constitute yeast ; and they are often irr<»gularly grouped. 
The pellicle becomes afterward thicker in body and consistence, exhibits more distinct 
granular forms, and acquires a tendency to be distributed in stripes or narrow bands. 
The mode of the reproduction of these globules is quite unknown ; but they seem some- 
what akin to the slimy deposite of sulphureous mineral waters called baregine. 

If the study of the acetic ferment be mysterious, it is, however, clear that the conver- 
sion of alcohol into vinegar never takes place in the common process without the pres- 
ence of an albuminous substance, and of the condition favorable to all fermentations, 
besides the necessary access of air, not only at the commencement (as sufiices for the 
vinous) but during all its course. Hence every weak spirituous liquor which contains 
an albuminous matter or any ferment may, with contact of air, and a temperature of 
from 60" to 90° F., give birth to vinegar. If the mixture be too rich in alcohol, or 
if the azotised matter be absent, or if the temperature be much above or below these 
^wo points, the phenomenon of acetification stops. There are, therefore, several indi- 
cations of the existence of a peculiar vinegar fermentation; though it should be 
observed that the production of lactic acid (as from fermenting cablraige, starch, &c.) 
has sometimes misled chemists into the beUef of an acetic fermentation. I shall, on 
this account, point out here briefly the distinction between the two processes. 

The acetic fermentation requires the presence of ready formed alcohol and of the 
air ; the lactic, on the contrary, proceeds with starchy or saccharine mixtures, without 
the intervention of alcohol or of atmospheric oxygen ; and when once begun, it will 
go on of itself. The acetifying process presents, moreover, a striking analogy with 
the phenomenon of nitrification, in the necessity of an ^levated temperature and the 
influence of porous bodies to divide the particles of the liquids and the air. Thus 
gaseous ammonia mixed with oxygen, when passed through a tube containing spongy 
platinum slightly heated, becomes nitric acid ; when sulphurous acid gas and oxygen 
are passed through hot pumice-stone they become sulphuric acid ; and when lime or 
potash, diffused through porous matter, is placed in contact with ammoniacal emana- 
tions, in the artificial nitre beds, or nitrifiable soils, nitrate of lime or potash is formed. 
In Uke manner, under the influence of spongy platinum, alcohol (C^HiO -f- HsO) and 
air may, by a true oxidisement of the ethereous part of the alcohol (C^H^O) produce 
aldehyde (C<H403), which passes afterward into acetic acid (C4H303-f water, HO). 
On these principles we may conceive that vinegar must be readily formed when 
alcoholic wash, at a proper temperature, is extensively exposed to atmospheric air, by 
being spread over the surfaces of wooden twigs, or chips in the German gradualon. 
In some districts cider is rapidly acetified by being made to trickle cautiously along 
strings suspended vertically between two vats. See Acetic Acid and G&advatob in 
the £ctionary. 
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ALCOHOL, as obtained by the distillation of wine, •f fermented corn-wort, or 
potato syrup, possesses different flavors, which arise from what the Germans call 
Fusel oil, and which oil differs in those several spirituous liquors. Thafr of wine has 
been called Onanthic ether. It is resolvable into ether (oxide of ethal), and a peculiar 
fatty acid, the Onanthic. 

The oenanthic ether of com spirit contains an additional oU, called com oil, which 
has a most offensive smell. The potato fusel oU differs from that obtained from grain 
spirit. It has, at the first impression, in its pure state, a strong, not disagreeable 
smell, which afterward becomes extremely nauseous, and excites an acrid burning 
taste. The inhalation of its vapor causes a feeling of oppression, and vomiting. All 
these fusel oils are readily soluble in alcohol, but not in water, whence, when poured 
into the latter, they make a milky mixture. The potato fusel oil contains no soUmine 
firom the potatoes, as has been alleged, though this noxious principle exists in all pota- 
toes, especially after germination. It is not a volatile product. 

Corn damaged by rain in harvest-time affords, afler mashing and fermentation, 
a most offensive fusel oil, which irritates the eyes and nostrils, and smells like a solu- 
tion of cyanogen in alcohol. Spirits so contaminated intoxicate more powerfully than 
purer spirits, and are apt to bring on temporary madness and subsequent indisposi- 
tion. This noxious substance does not combine with gases ; and, being more volatile 
than alcohol, it may be drawn off by distillation in a concentrated state. It is separa- 
ted to a considerable degree in Germany by diluting the foul spirits with water, 
mixing in a portion of olive or other bland oil, letting the oil gather on the top, draw- 
ing off the spirituous Liquor from below, and subjecting it to rectification. When the 
spirit so rectified is kept for 2 or 3 months in a cask, corked, but not too closely, the 
noxious cenanthic compound disappears, in some measure by its spontaneous decompo- 
sition. For statistics and exdise-proof table, see Spibits. 

The high price of alcohol in this country, in consequence of the heavy fiscal duties, 
and its low price in most other countries, where it is nearly duty free, has led to its 
contraband importation under various disguises. Sometimes it is introduced under the 
mask of oil of turpentine, from which it can be sufficiently freed by rectification for the 
purpose of the gin mani:^acturers. Sometimes it is disguised with wood naphtha, or 
wood vinegar; from the latter of which it may be separated by distillation in a water 
bath ; but from the former it is more difficult to extricate it, as alcohol and wood spirit 
are nearly equally volatile. It has also been disguised with coal naphtha ; but from 
this it may be easily separated by distillation, on account of the great difference be- 
tween, the boiling points of the two liquids; besides, coal naphtha will not combine 
with water, as alcohol does. 

When the object is to discover whether wood spirit contains alcohol, we may pro- 
ceed as follows : Add to the suspected liquid a little nitric acid, of specific gravity 
1*45. If alcohol be present, in even small proportions, an effervescence will ensue, 
from the evolution of etherised nitrous gas, with its characteristic ethereous smell. 
On treating the mixture with a nitrous solution of mercury, as in the process for ful- 
minate of mercury, an effervescence will take place, the dense vapor of etherised mer- 



ALUM. 16 

cuial gas will appear, and a certain proportion of fulminate will be formed^ oonre- 
sponding pretty closely to the proportion of alcohol in the wood naphtha mixture. 

As the boiling point of wood spirit is only about 145°, while that of alcohol, of like 
specific gravity (.0-825), is 173° F., a good criterion of the proportion of the two liquids 
present in the mixture may be found in its boiling temperature. 

Pure wood spirit, when mixed with the above nitric acid, becomes of a ruby tint^ 
but remains tranquil. Alcohol continues colorless, but enters into violent ebullition, 
and is nearly all dissipated in fumes. 

Alcohol diluted with water has a less resultant density than wood spirit of like 
strength similarly diluted. While alcohol thus becomes of 0*920, wood spirit become* 
0-926 or 0-927. 

If wood spirit be contained in alcohol, it may be detected to the greatest minuteneit 
by the test of caustic potash, a little of which, in powder, causing wood spirit to be- 
come speedily yellow and brown, while it gives no tint to alcohol. Thus 1 per cent.» 
of wood spirit may be discovered in any sample of spirits of wine. For further detaila 
upon this analytical inquiry, see my pamphlet, entitled The Revenue in Jeopardy, 

ALGAROVILLA. This substance is called by the Spaniards Mgaroba, from the 
resemblance it bears to the fruit of the Carob (CercUonia siliqua), which is a native of 
Europe, in the southern countries of Spain and Portugal. The substance lately ana- 
lysed by jjOie is the fruit of a tree which grows in Chile, of which the botanical name is 
Proeopis pallida, according to Captain Bagnald, R. N., who first brought a sample dT 
it to this country in the year 1832. It consists of pods bruised and agglutinated more 
or less with the extractive exudation of the seeds and husks. According to a more 
recent determination, algarovilla is said to be the product of the tree Juga Marthse 
of Santa Martha, a province of New Carthagena. 

It is an astringent substance replete with tannin, capable, by its infusion in water, of 
tanning leather, for which purpose it possesses more than four times the power of good 
oak bark. Its active matter is very soluble in water at a boiling temperature. The 
seeds are merely nutritive and demulcent, but contain no astringent property. This 
resides in the husks. The seeds in the entire pod constitute about l-5th of the weight* 
and they are three or four in number in each oblong pod. Alcohol of 60 per cent, over 
proofs dissolves 64 parts in 100 of this substance. The solution consists chiefly of tan- 
nin, with a very little resinous matter. Water dissolves somewhat more of it, and 
affords a very styptic-tasted solution, which precipitates solution of isinglass very co- 
piously, like infusion of galls and catechu. Its solution forms with sulphate of iron a 
black precipitate, which is kept floating by means of the gum present, and thereby 
constitutes good ink. My report to the merchant was written with a combination thus 
made, in proportions taken at random ; and there is no doubt that by using a stronger 
decoction of the algarovilla, along with a proper proportion of copperas, an excellent 
black ink might be prepared, without any other addition. 

I find that a decoction of the algarovilla affords with cotton cloth, mordanted with 
tin solution, as also with acetate of alumina liquor, a brilliant yellow die ; the former 
being the brighter and fuller of the two. 

A tincture of algarovilla might be used as an astringent in medicine ; or probably 
a decoction of the whole substance would be preferable, on account of the demulcent 
quality of the seeds when bruised. As an article of commerce it can not be rated at a 
high price, nor shoold it pay much duty till its value as an article of manufactures or 
medicine be fully ascertained. 

ALMONDS. Imported in 1839, 28,261 cwt.; in 1840, 27,566. ReUined fi^r con- 
sumption, 9,785 and 7,935, respectively. 

ALUM. In the alum works on the Yorkshire coast, 8 different liquors are met with. 

1st. " Raw Liquor." The calcined alum shale is steeped in water till the liquor 
has acquired a specific gravity of 9 or 10 pennyweights, according to the language 
of the alum-maker. 

2d. " Clarified Liquor." The raw liquor is brought to the boifing point in lead 
pans, and suffered to stand in a cistern till it has cleared : it is then called clari- 
fied liquor. Its gravity is raised to 10 or 11 pennyweights. 

3d. ^^ Concentrated Liquor." Clarified liquor is boiled down to about 20 penny- 
weights. This is kept merely as a test of the comparative valUe of the potash 
salts used by the alum-maker. 

4th. " Alum Mother Liquor." The alum pans are fed with clarified liquor, which 
is boiled down tq about 25 or 30 pennyweights, when a proper quantity of pot* 
ash salt in solution is mixed with it, and the whole run into coolers to crystal- 
lize. The liquor pumped from these rough crystals is called " alum mothers." 

5th. " Salts Mothers." The alum mothers are boiled down to a crystaUizii^ 
point, and afford a crop of <' Rough Epsom," which is a sulphate of magnesia* 
and protoxide of iron. 
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6th and 7th. <<Alam Washings." The rough ciystals of alnm (No. 4), aie 
washed twice in water, the first washing being about 4 pennyweights, the second 
about 2J, the difference in gravity being due to mother liquor clinging to the 
crystals. 

8th. " Tun Liquor." The washed crystals are now dissolved in boiling water, and 
run into the <^ reaching tuns" (wood vessels lined with lead) to crystallize. The 
mother liquor of the " roach alum" is called " tun liquor ;" it is, of course, not 
quite so pure as a solution of roach alum in water. 

The alum-maker's sp. gr. bottle holds 80 pennyweights of water, and by 10 penny- 
weights he means 10 more than water, or 90. 

The numbers on Twaddle's hydrometer, divided by 2" 5, gave alum-maker's penny- 
weights. 

Tlie alum-maker tests his samples of potash salts comparatively by dissolving equal 
weights of the different samples in equal measures of alum liquor at 20 pennyweights, 
heated up to the boiling point, and weighing the quantity of alum crystals produced 
on cooling. 

For the above information 1 am indebted to my friend Mr. Maurice Scanlan, who 
superintended for some time the Mulgrave alum works. 

He informs me that 61^ tons of the alum rock at the Mulgrave works to the north 
of Whitby, yield, after calcination, &c., one ton of alum. ^ 

It has been computed that with sulphur at 6/. per ton, sulphuric acid of spec. grav. 
1-760 can be produced at 3/. per ton, including the mere cost of making : this acid 
contains 2 atoms of water : 174 tons of this acid, and 87} tons of sulphate of potash, 
with the pipe-clay, will form 474 tons of alum ; so that the neat cost would be 5222., 
for the acid-|-1047Z. for the sulphate of potash =1569/.; which sum, divided by 474, 
gives a quotient of 3/. 6«. for the neat cost of 1 ton of alum by the direct process. 

At the pit 1 ton of alum, rock or mine, coast 3/. 4«. ; to which, adding the cost of the 
potash salt for 1 ton of alum, 3/. 15«., they constitute together an amount of 61, 199. 
From the latter sum 1/. lO^. must, however, be deducted for the value of rough Epsom 
salt produced, leaving a balance of 5/. 9^. for the cost of a ton of mine-alum, prior to 
evaporation and crystallization. 

A patent was obtained in November, 1839, by Mr. William Wiesmann, of Dues- 
hwrg, for improvements in the manufacture of alum. He subjects potter's clay to a 
moderate red heat, grinds it, and subjects the powder, in leaden pans, to the action of 
concentrated sulphuric acid (66*^ Beaume), t^ing care to use excess of clay and a 
moderate heat. This mixture is to be stirrer till it is dry, then treated with boiling 
water, in order to dissolve the sulphate of alumina formed. So far the process is old 
and well-known. The novelty consists in freeing the saline solution from iron by 
ferrocyanure of potassium (prussiate of potash). When the iron has been aU thrown 
down in the form of prussian blue, the liquor is allowed to settle, the supernatant pure 
sulphate is drawn off, and evaporated tiU it forms on cooling a concrete mass, which 
may be moulded into the shape of bricks, &c., for the convenience of packing. He 
proposes to crystallize his alum ; but he will find this process rather difficult. The 
Prussian blue obtained may be reconverted by any alkaline solution into a ferrocyanide, 
and again employed on a fresh quantity of the raw sulphate. How he is to precipitate 
the iron by sulphate of lime, as he states, I can not comprehend. 

Dr. Turner's process for making alum from felspar is thus described by him in 
the specification of his patent, sealed October 8, 1842. If it be desired to make 
a potash alum, the best substance to operate upon is a potash felspar. This felspar 
is ground in a common edge-stone mill to {he consistency of fine sand (a process 
which is much assisted by first heating it to redness, and then plunging it in cold 
water) ; it is then mixed with its own weight of sulphate of potash, and placed in the 
upper part of the inclined bed of a reverberatory furnace (being such a furnace as is 
known in the potteries as a frit furnace), and which furnace has previously been 
brought to a full white heat. When by the action of the heat a glass has been pro- 
duced, and is obtained to flow down the inclined bed of the furnace, to such glass is to 
be added gradually, at the lower end of the furnace,- as much carbonate of potash as 
was before used of sulphate of potash. And this process of placing the mixture of 
felspar and sulphate of potash at the upper part of the bed of the furnace is to be 
repeated, adding at the lower part of the bed, gradually and proportionally, as the 
glass flows down from the upper part, the carbonate of potash, as before mentioned. 
This is continued until the sack of the furnace is filled with the glass ; this glass is then 
fit for the next process. The preparation of the glass may also be affected in a 
reverberatory furnace with a flat bed ; find the facility of removing the glass from such 
a furnace is an advantage. In this case no carbonate must be added to the mixture 
until the sulphate of potash is observed to be completely decomposed. On boDing in 
water the glass thus obtained, the same quantity of potash as was added to the felspar 
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and two thirds of the silica contained in the felspar i^re dissolved, while the remaining 
one third of the silica and the alumina, and an eqna] quantity of potash as the felspar 
originally contained, are lef^ in the form of a light porous substance, similar in 
chemical composition to the mineral commonly called elteolite ; this porous substance 
is carefully separated from the said solution, and washed with water until freed firom 
the silicate of potash, then placed in an open leaden cistern or boiler, and boiled with 
dilute sulphuric acid of the specific gravity 1*2 (one and two tenths). This acid will 
contain about the quantity of water required for the solution and crystallization of the 
alum produced by the decomposition of the elseolite; the Quantity of the dilute 
sulphuric must be such as will contain about 160 lbs. of dry suljrtiuric acid for every 
285 lbs. of felspar rock (if that rock be used), and in like proportion to the silica and 
alumina contained in the substance, if any other substance be used, as it is important 
that the alum solution thus obtained should not contain an excess of acid. I 
recommend that only four fifths of the proposed quantity of dilute sulphuric acid 
should be used in the first operation, which will leave a portion of the elseolite 
undecomposed ; but by acting upon this undecomposed portion, after the solution has 
been drawn off, with the full quantity of dilute acid to be used in the next operation, 
it will be completely decomposed, and' the alum thus formed becomes i»art of the next 
batch. In this way a neutral solution of alum is obtained at each process. The 
boiling solution, after the sediment subsides, is drawn into coolers, such as are com- 
monly used for the crystallization of alum ; here about four fifths of the alum held in 
solution will form into crystals. The mother-liquor from the coolers is boiled in any 
convenient boiler to dryness, in order to render the silica it contains insoluble 5 the 
residuum is boiled either in water or in the mother-liquor from the roaching tubs, so 
as' to dissolve the alum it contains, and the process of crystallization repeated. Had 
the tibove process been performed vith the salts of soda instead of potash, a soda alum 
would have been formed. For this purpose the soda felspar or albite should be 
selected. The potash or soda (as the case may be) contained in the liquor, 
drawn as aforesaid from the eleeolite (or nepheline, which is formed when soda is 
used), may be recovered by either of the following processes: The strong solu- 
tions which are obtained, about the specific gravity of 1*2 are placed in any 
convenient vessel in which a stream of carbonic acid gas, obtained in any convenient 
method, may be driven through them, the carbonic acid becomes absorbed, and the 
solution assumes the form of a gelatinous mass : this mass consists of carbonate of 
potash or soda and hydrate of silica. On drying this mass in a furnace, which must 
never be allowed to rise to red heat even in the dark, the silica loses its water and 
becomes insoluble; the potash or soda may then be separated from it in the form of a 
sesquicarbonate of potash or soda, by solution and evaporation to dryness. The other 
process, which under most circumstances will be found more economical and convenient, 
is to allow the boiling solution of silicate of potash or soda to filter through a bed of 
caustic lime, when it will be found that the lime has combined with the silicate, and 
a caustic potash or soda ley is obtained. This process may be conveniently conducted in 
an apparatus similar to that used by soap-makers for the preparation of their caustic leys. 
The potash or soda may then be readily obtained as caustic potash or soda, or as car- 
bonate, by the known processes used in making soda. The weak solutions of silicate 
of potash or soda are used to decompose another portion of the glassy substance. 

Now I do not claim as new, or as my invention, any particular form of vessel or 
apparatus in which or with which my operations may be conducted ; nor do I claim any 
particular proportions in which the alkaline salts may be used. But I claim as new, 
and as my invention, the improvements aforesaid, and the production of substanees 
similar to elaeolite and nepheline artificially, by the decomposition by water of the 
glassy substances produced by the fusing of felspar as aforesaid, or other mineral sub- 
stances containing silica and alumina, with salts of potash and soda, as aforesaid, and 
the use and application of such artificial elseolite and nepheline in the production and 
manufacture of alum, as aforesaid. I also claim the process, as above described, for 
separating the alkalira from silica by means of caustic lime. 

ANCHOVIES, ESSENCE OF. I insert this article to riiow on what slender 
pretence of invention a patent may be obtained. Mr. John Masters, of Leicesttt, 
makes his improved transparent preparation, by placing in a kettle any given quantity of 
anchovies in the state in which they are imported, along with their own weight of 
water, exposing the kettle to a simmering heat for two or three hours, removing the 
kettle, and straining its contents when cold, first by suitable pressure through a strong 
canvas bag, and next filtered through a fiannel or paper till a clear liqjor is obtained. 
If it be desir^iJ to render the essence thicker, the material used for this purpose should 
%e transparent. He says that flour is used for thickening the common essence. I 
presume he would prefer gelatine, gum, or arrow root for his transparent thickening, 
though he does not specify anythtng. 

2 
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ANNOTTO or ANNATTO. Imported in 1839, 303,489 lbs. ; in 1840, 408,469. 
Retained for consumption, 224,794 and 330,490, respectively. 

ARCHIL has been lately the object of numerous chemical researches, but hitherto, 
it must be owned, without producing any results useful to the dyer, so as to promote 
the solidity of this beautiful and now cheap dye. The new experiments of Schunk, 
performed in Liebig's laboratory, tend to show that the whole matter is still involved 
in much mystery. By the action of either on the Variolaria lactea (one of the archil 
lichens), in an apparatus of displacement, he obtained crystals, which he calls lecanorine» 
It is convertible into (j^e orcine of Robiquet and Heeren by hot barytes water. When 
moistened with wa|er of ammonia, and exposed to the air, it gradually assumes the 
archil tint. Liebig is of opinion, that this product, and some other analogous ones, 
vary according %o the nature of the solvents and the temperature of the digestions, so 
that they probably are mere metamorphoses of the self-same one or two substances, 
pre-existing in the lichens. Since lecanorine. is decomposed by boiling water into 
carbonic acid, and orcine, it may also undergo this change from the boiling alcohol 
employed in Schunk's researches. 

When ammonia acts upon orcine, it gives it a dark blood-red color, and converts it 
into orceijie, a new compound containing azote, but in a diiierent state of combination 
from what it is in ammonia. This orceine is the true coloring matter of the archil or 
orseille ; and, according to Robiquet, it is here in the state of an orceaie of ammonia, 
requiring for its production the co-operation of air and water. In these circumstances 
the orceine absorbs oxygen, and is transformed into orceate of ammonia, without any 
other product, even carbonic acid, being formed. Variolarine, erythrine, and psuedo- 
erythrine, three products obtained by Robiquet and Heeren ; the first from Variolaria 
dealbaiay the second and third from Parmelia rocceUa^ and JUcanora iariarea, are inter- 
esting merely in a scientific point of view. The last two are transformed into red 
coloring matters by ammonia and air. " Latterly," says Liebeg, " Kane has made 
these two substances objects of a particular investigation ; but the researches of this 
chemist are far, as appears to me, from clearing up their history."* I need not there- 
fore, give any account of these researches, which occupy a large portion of a recent 
volume of the Philosophical Transactions. 

Toumesole, or litmus, consists, according to Peretti, of a red coloring matter, rendered 
blue by combination with ammonia. 

ARROW ROOT. This plant has been lately cultivated with great success, and 
its root manufactured in a superior manner, upon the Hopewell estate, in the island of 
St. Vincent. It grows there to the height of about 3 feet, and it sends down its tap 
roots from 12 to 18 inches into the ground* Its maturity is known by the flagging 
and falling down of the leaves, an event which takes place when the plant is from 10 to 
12 months old. The roots being dug up with the hoe are transported to the washing- 
house, where they are thoroughly freed from all adhering earth, and next taken individ- 
ually into the hand, and deprived by a knife of every portion of their skins, while 
every unsound part is cut away. This process must be performed with great nicety, 
for the cuticle contains a resinous matter, which imparts color and a disagreeable 
flavor to the fecula, which no subsequent treatment can remove. The skinned roots 
are thrown into a large cistern, with a perforated bottom, and there exposed to the 
action of a copious cascade of pure water, till this runs ofl* quite unaltered. The 
cleansed roots are next put into the hopper of the mill, and are subjected to the power- 
ful pressure of two pairs of polished rollers of hard brass ; the lower pairs of rollers 
being set much closer together than the upper. (See the accompanying figure.) The 
starchy matter is thus ground into a pulp, which falls into the receiver placed beneath, 
and is thence transferred to large fixed copper cylinders, tinned inside, and perforated 
at the bottom with numerous minute orifices, like a kitchen drainer. Within these 
cylinders, wooden paddles are made to revolve with great velocity, by the power of a 
water-wheel, at the same time that a stream of pure water is admitted from above. 
The paddle-arms beat out the fecula from the fibres and parenchyma of the pulp, and 
discharge it in the form of a milk through the perforated bottom of the cylinder. 
This starchy water runs along pipes, and then through strainers of fine muslin into 
large reservoirs, where, after the fecula has subsided, the supernatant water is drawn 
ofi*, and fresh water being let on, the whole is agitated and left again to repose. This 
process of ablution is repeated till the water no longer acquires anything from the 
fecula. Finally, all the deposites of fecula of the day's work are collected into one cis- 
tern, and, being covered and agitated with a fresh charge of water, are allowed to settle 
till next morning. The water being now let off, the deposite is skimmed. with palette 
knives of German silver, to remove any of the superficial parts, in the slightest degree 
colored ; and only the lower, purer, and denser portion is prepared by dirying for the 

* Traits de Chimie Organique, torn, ii., p. 477. 
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market. The drying-house on the Hopewell estate is constructed like the hot-house of 
an English garden. But instead of plants, it contains about 4 dozen of drying pans 
made of copper, 7i feet by 4), and tinned inside. Each pan is supported on a car- 
riage, having iron axles, with lignum vitae wheels, like those of a railway carriage, and 
they run on rails. Immediately after sunrise, these carriages with their pans covered 
with white gause, to exclude dust and insects, are run out into the open air, but if rain 
be apprehended, they are run back under the glazed roof. In about 4 days the fecula 
is thoroughly dry and ready to be packed, with German silver shovels, into tins or 
American flour barrels, lined with paper attached with arrow root paste. The packages 
are never sent to this country in the hold of the ship, as theif contents are easily 
tainted by noisome effluvia, of sugar, &c. By such a skilfu] series of operations, and 
by such precautions, the arrow root thus manufactured may vie with any similar pre- 
paration in the Bermudas or any other part of the world. I have found it, on analysis 
and trial,' to be pure, powerful, and agreeable, and a most wholesome article of food. 
Fig. 1. Plan of arrow root grinding-mUl, and of 2 sets of copper cylinder washing- 
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machines, with the connecting machinery for driving them ; the washing agitator being 
isiren ftom the connecting shaft with leathern belts. Fig, 2. End elevation of arrow- 





root mill, with wheels and pinions, disengaging lever, &c. Fig, 3. End elevation of 
copper washing-cylinders, with press-framing, &c. The washing-cylinders are 6| 
feet long and 3^ in diameter. The mill-rollers are 3 feet 
long and 1 foot in diameter. 

The uses of arrow root are too well known and acknow- 
ledged to require recounting here. It is the most elegant 
and the richest of all the feculas, and being now manu- 
factured, with the advantage of excellent machinery, and 
abundance of pure water, in the fertile island of St. Vincent, 
it may be brought into our mai'ket at a much more moderate 
price than it has heretofore been suppUed from less favored 
localities. The Bermuda arrow root is treated necessarily 
with rain water collected in tanks, and therefore is occa- 
sionally soiled with insects, from which the St. Vincent arti- 
* cle i» entirely free. 

The presence of potato starch in arrow root may be discovered by the microscope. 
Arrow root consists of regular ovoid particles of nearly equal size, whereas potato 
starch consists of particles of an irregular ovoid or truncated form, exceedingly irreg- 
ular in their dimensions, some being so large as ^^jy of an inch, and others only -^^qj^ • 
But the most convenient test is dilute nitric acid of MO (about the strength of single 
aquafortis), which, when triturated in a mortar with the starch, forms immediately a 
transparent very viscid paste or jelly. Flour starch exhibits a like appearance. Arrow 
root, however, forms an opaque paste, and takes a much longer time to become viscid. 
(Hr. Scharling in Liebig's Aimalen,) 

Arrow root may be distinguished from potato starch, not only by the different size 
of its particles, but by the difference of structure. Their ^surfaces in the arrow root 
are smooth, and free from the streaks and furrows seen in the potato particles by a 
good microscope. The arrow root, moreover, is destitute of that fetid unwholesome 
oil, extra ctable by alcohol from potato starch. 

Liebig places the powers of arrow root, as a nutriment to man, in a very remark- 
able point of view, when he states that 15 pounds of flesh contain no more carbon for 
supplying animal heat by its combustion into carbonic acid in the system, than 4 
pounds of starch ; and that if a savage, with one animal and an equal weight of starch, 
could maintain life and health for a certain number of days, he would be compelled, if 
confined to 'flesh alone, in order to procure the carbon necessary for respiration, during 
the same time, to consume five such animals. 

Arrow root imported in 1839, 303,489; in 1840, 408,469 lbs.; retained for con- 
sumption, 224,794 and 330,490 lbs. respectively. 

ARTESIAN WELLS. Fig, 4,* represents the manner in which the condensed 
water of the heavens distributes itself under the surface of our globe. Here we have 
a geological section, showing the succession of the several formations, and the sheets or 
laminsB of water that exist at their boundaries, as well as in their sandy beds. The 
figure shows also very plainly that the height to which the water reascends in the 
bore of a well, depends upon the height of the reservoir which suppUes the sheet of 
water to which the well is perforated. Tbna the two weU6> a^ a^ having gdne down to 

* At the •■« of the volume. 
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the two aqueous expanses below, whose respective waters of supply are derived froM 
the percolations m a' and m b', will afford rising waters, which will come to the sur- 
face ; while in the well b, supplied by the sheet p, c' d', the waters will spout above the 
surface, and in the well c they will remain short of it. The same figure shows that 
these wells often traverse sheets of water that rise to different heights. Thus in the 
well c, there are five columns of ascending waters, which rise to heights proportional 
to the points whence they take their origin. Several of these will be spouting or over- 
flowing, but some will remain beneath the surface. 
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The older geological formations are seldom propitious to the construction of Arte- 
sian wells, on account of the compact massiveness of their rocks, of the few fissures 
or porous places in them, and of the rarity of filtering strata overlying retentive ones. It 
is therefore vain to attempt the formation of an overflowing spring, upon the above prin- 
ciples, in territories of granite, gneiss, mountain limestone, and basalt. Among transition 
and secondary formations, such wells will rarely furnish a supply of good water. The 
latter strata of alternating clay and variegated sandstone contain so much gypsum and 
rock salt as to impregnate therewith the waters derived from them to an unpalatable 
degree. It is in the sandy, calcareous, and argillaceous strata of the Jura limestone, 
indeed, that borings may most probably be made for brine springs. The hot springs 
which burst out of the ground in primitive rocky districts come undoubtedly from a 
great depth under the surface, and derive their temperature, and also probably their 
waters, from the vapors of deep-seated volcanoes in connexion with the sea. A miniature 
representation of such springs is exhibited in the intermitting fountains of frish water 
on the shoulder of Vesuvius. Springs of this kind, which vary with the seasons, may de- 
rive a portion of their water from the surface of the earth, from which it may sink through 
clefts in the primitive rocks, till meeting in its descent with stony obstructions and ascend- 
ing steam, it is forced to remount in a heated state to the day, like the Geisers in Iceland. 
The most remarkable example of an Artesian well is that recently formed at Grenelle, 
a suburb at the southwest of Paris, where there was a great want of water. It cost 
eight years of difiicult labor to perforate. The geological strata round the French 
capital are all of the tertiary class, and constitute a basin, like that shown in fig. 4. 
The bottom of this basin is chalk ; a a are tertiary strata above the chalk ; b b, chalk 
or cretaceous carbonate of lime ; c c, d d, green sand and clay ; e e, oolite and Jura 
limestone (muschelkalk) ; e a, general slope of the surface of the country from Langres 
to Paris ; m a, the level of the sea. Over a circular space, of which Paris is the centre, 
and which is bounded by the towns of Laon, Mantes, Blois, Sancerre, Nogent-sur- 
Seine, and Epernay, these strata are found upon the surface, concealing the chalk ; but 
on the other side of these towns, the edge of the basin being passed, the chalk is gener- 
ally the superficial bed. By looking at the order of these tertiary strata, it is easy 
to perceive the obstacles that M. Malot, the engineer of the well, had to overcome, and 
the difficulty and hazard of his undertaking. The surface at GreneUe consists of 
gravel, pebbles, and fragments of rock, which have been deposited by the waters at 
some period anterior to any historical record. Below this layer of detritus, it was 
known to the engineer, by geological induction, as well as previous experience, that at 
Grenelle, marl and clay would be found, instead of the limestone which generally forms 
the inmiediately subjacent stratum. He was aware that he had to bore about 440 
yards ! deep before he should arrive at the sheet of water (s, figure) which flows 
in the gravel below the limestone, and supplies the wells of St. Ouen, St. Denis, and 
Stains. Underneath the marl and the clay, the boring rods had to perforate pure 
gravel, plastic clay, and finally chalk, which forms the bottom of the general tertiary 
basin, as we have seen. No calculation from geological data could determine tha 
thickness of this stratum of chalk, which, from its powers of resistance, might present 
an almost insuperable obstacle. The experience acquired in boring the weU9 of 
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Blbeuf, Rouen, and Tours, was in this respect but a very imperfect guide. But sup- 
posing this obstacle to be overcome, was he sure of finding a supply ef water below 
this mass of chalk ? In the first place, the strata c s below the chalk possessed, as we 
shall see, all the necessary conditions for producing Artesian springs, namely, succes- 
sive layers of clay and gravel, or of pervious and impervious beds. M. Malot con- 
fidently relied on his former experience of the borings of the wells at Rouen, Elbeuf, 
and Tours, where abundant supplies of water had been found below the chalk, between 
similar strata of clay and gravel. 

But one other condition is requisite to ensure the rising of the water in an Artesian 
well, namely, that the feeding level of infiltration should be higher than the orifice in 
the bore above which the water is to ascend. This, however, turned out to be the case 
with Grenelle. M. Arago had shown that the water of the spring here would neces- 
sarily rise to the surface, because in the well at Elbeuf, which is nearly 9 yards above 
the level of the sea, the water rises from 27 to 29 yards above the surface of the earth, 
and, consequently, from 36 to 38 yards above the ocean level. Now, as the orifice of 
the bore at Grenelle is only 34 yards above the same level, it follows, that if the iden- 
lital spring be met with, the water must rise above the earth's surface at Grenelle. 

The necessary works were commenced with boring rods about 9 yards long, attached 
to each other, and which could be raised or lowered by mechanical power, while an 
ingenious method was adopted for giving them a rotary motion. The diameter of 
the bore was about 6 inches. The instrument aflixed to the end of the lowest boring 
rod was changed according to the different strata which were successively attacked ; 
the form suited for passing through the softer materials near the surface being unsuit- 
able for boring through the chalk and flint, as a hollow tube was used for the former, 
while a chisel-shaped tool was employed to penetrate the latter. The size of the rods 
was lessened as the depth increased ; and, since the subterranean water was not reached 
so soon as was expected, it became requisite to enlarge five several times the diameter 
of the bore, in order to permit the work to be successfully prosecuted. Accidents oc- 
curred which tried the patience of the projectors. In May, 1837, when the boring had 
extended down to a depth of 418 yards, the hollow tube, with nearly 90 yards of the 
long, rods attached to it, broke, and fell to the bottom of the hole, whence it became 
necessary to extract the broken parts before any further progress could be made. The 
difliculty of accomplishing this task may be conceived ; for the different fragments were 
not all extracted until after the constant labor of -15 months. Again, in April, 
1840, in passing through the chalk, the chisel attached to the boring rod got detached, 
and before it could be recovered, several months were spent in digging around about it. 
A similar occurrence created an obstacle which impeded the work for 3 months, 
but, instead of withdrawing the detached part, it was forcibly driven down among the 
stratum of gravel. At length, in February, 1841, after 8 years' labor, the rods 
suddenly descended several yards, having pierced into the vault of the subterranean 
waters so long sought after by the indefatigable engineer. A few hours afterward, he 
was rewarded for all his anxious toils ; for lo ! the water rose to the surface, and dis- 
charged itself at the rate of 600,000 gallons per hour ! 

The depth reached down was 602 yards, or about three tiroes the height of St. Paul's. 
The pipe by which the water reaches the surface has been recently carried to a height 
nearly level with the source of supply. The portion of the pipe above the ground is 
surrounded wllh a monumental pagoda of ornamental carpentry, and it discharges a 
circular cascade of clear water continually into a circular iron reservoir, to be thence 
conveyed by a lateral pipe to the ground. The water is well adapted for all domestic 
uses, and it will be unfailing, being supplied from the infiltration of a surface of coun- 
try nearly 200 miles in diameter. The Artesian wells of Elbeuf, Rouen, and Tours, 
which were formed many years ago, overflow in never- varying streams ; and the ancient 
Artesian well at Lillers, in the Pas de Calais, has for about seven centuries furnished 
a constant and equable supply. 

The opportunity of ascertaining the temperature of the earth at different depths, was 
not neglected during the progress of the works at Grenelle. Thermometers placed at 
a depth of thirty yards in the wells of the Paris Observatory invariably stand at 53® 
Fahrenheit. In the well at Grenelle the thermometer indicated 74° F. at a depth of 
442 yards, and at 650 yards it stood at 79°. At the depth finally arrived at of 602 
yards, the. temperature of the water which rose to the surface was 81°, corroborating 
previous calculations on the subject. For a descent of 572 yards there is an increase of 
temperature equal to 28° F., which is 20*4 yards, or 61*2 feet for each degree of that 
scale. Now that the skilful labor of so many years is terminated, the Parisians regret 
that the subterranean sheet of water had not lain 1,000 yards beneath the surface, that 
they might have had an overflowing stream of water at 104°, to furnish a cheap supply 
to their numerous hot-bath establishments. 

ASPHALTIC PAVEMENT; see Bitumen. 
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BALSAM OF CAPIVI, or Copaiva Balsam, This substance, which is extensively 
used in medicine, is oAen adulterated. Formerly some nnctuous oil was mixed with 
it, but as this is easily discovered by its insolubility in alcohol, castor oil has since 
been used. The presence of this cheaper oil may be detected, 1, by agitating the bal- 
sam with a solution of caustic soda, and setting the mixture aside to repose ; when the 
balsam will come to float clear on the top, and leave a soapy thick magma of the oil 
below ; 2, when the balsam is boiled with water, in a thin film, for some hours, it will 
become a brittle resin on cooling, but it will remain viscid if mixed with castor oil ; 
3, if a drop of the oil on white paper be held over a lamp, at a proper distance, its vol- 
atile oil will evaporate and leave the brittle resin, without causing any stain around, 
which the presence of oil will produce ; 4, when three drops of the balsam are poured into 
a watch-glass, alongside of one drop of sulphuric acid, it becomes yellow at the point of 
contact, and altogether of a saflron hue when stirred about with a glass rod, but if 
sophisticated with castor oil, the mixture soon becomes nearly colorless like white 
honey, though afler some time the acid blackens the whole in either case ; 5, if 3 parts 
in bulk of the balsam be mixed with 1 of good water of ammonia (of 0*970 sp. grav.) ' 
in a glass tube, it will form a transparent solution, if it be pure, but will form a white 
liniment if it contain castor oil ; 6, if the balsam be triturated with a little of the com- 
mon magnesia alba, it will form a clear solution, from which acids dissolve out the mag- 
nesia, and leave the oil transparent if it be pure, but opaque if it be adulterated. When 
turpentine is employed to falsify the balsam, the fraud is detected by the smell on 
heating the compound. 

BARILLA. Imported in 1841, 2,131 tons; in 1842, 2,141. Retained for consump- 
tion, 2,369 and 2,139, respectively. 

BEER. The Germans from time immemorial have been habitually beer-drinkers, 
and have exercised much of their technical and scientific skill in the production of beer 
of many different kinds, some of which are little known to our nation, while one at 
least, called Bavarian, possesses excellent qualities, entitling it to the attention of all 
brewers and consumers of this beverage. The peculiarities in the manufacture of Ba- 
varian beer have recently attracted the attention of the cost eminent chemists in Grer- 
many, especially of Professor Liebig, and much new light has thereby been thrown 
upon this curious portion of vegetable chemistry, which I shall endeavor to reflect upon 
the present article. 

The following is a list of the principal beers at present brewed in Germany : — 

1. Brown beer of Merseburg ; of pure barley malt. 

2. — — barley malt and beer-root sugar. 

3. — barley malt, potatoes, and beet-root syrup. 

4. — refined beet-root syrup alone. 
6. Covent or thin beer. 

6. Berlin white beer, or the Champagne of the north. 

7. Broyhan, a famous Hanoverian beer. 
8^ Double beer of Griinthal. 

9. Bavarian beer ; 1. Summer beer ; 2. Winter beer. 

10. — Bock-beer. 

11. Wheat l^gcr-beer (slowly fermented). 

12. White bitter beer of Erlangen. 

Considerable interest among men of science, in favor of the Bavariaa beer process, 
has been excited ever since the appearance of Liebig's Organic Chemistry, first pub^ 
Eshed about three years ago. In the introduction to this admirable work, he says : 

**' The beers of England and France, and tHe most part of thoee of Germany, become 
fcradually sour by contact of air. This defect does not belong to the beers of Bavaria, 
which may be preserved at pleasure in half-fuU casks, as well as full ones, without al- 
teration in the air. This precious quality must be ascribed to a peculiar process em- 
ployed for fermenting the wort, called in Germany tmtergdhrungy or fermentation from 
below; which has solved one of the finest theoretical problems. 

** Wort is proportionally richer in soluble gluten than in sugar.* When it is set to 
ferment by the ordinary process, it evolves a large quantity of yeast, in the state of a- 
thick froth, with bubbles of carbonic acid gas attached to it, whereby it is floated to the 
surface of the liquid. This phenomenon is easily explained. In the body of the wort 
alongside of particles of sugar decomposing, there are particles of gluten being oxidized 

« It does not surely contain more gluten thaua it does sugar ; at least no experiments, known to me, 
proye this proposition. 
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at the same time, and enveloping as it were the former particles, whence the carbonic 
acid of the sugar and the insoluble ferment from the gluten being simultaneously pro- 
duced, should mutually adhere. When the metamorphosis of the sugar is completed, 
there remains still a large quantity of gluten dissolved in the fermented liquor, which 
gluten, in virtue of its tendency to appropriate oxygen, and to get decomposed, induces 
also the transformation of the alcohol into acetic acid (vinegar). But were all the 
matters susceptible of oxidizement as well as this vinegar ferment removed, the beer 
would thereby lose its faculty of becoming sour. These conditions are duly fulfilled in 
the process followed in Bavaria. 

^' In that country the malt- wort is set to ferment in open backs, with an extensive sur> 
face, and placed in cool cellars, having an atmospheric temperature not exceeding 8° or 
10^ centigrade (46^° or 50° F.). The operation lasts from 3 to 4 weeks ; the carbonic 
acid is disengaged, not in large bubbles that burst on the surface of the liquid, but in 
very small vesicles, like those of a mineral water, or of a liquor saturated with carbonic 
acid, when the pressure is removed. The surface of the fermenting wort is always in 
contact with the oxygen of the atmosphere, as it is hardly covered with froth, and as 
aU the yeast is deposited at the bottom of the back under the form of a very viscid 
sediment, called in German unterhefe, 

" In order to form an exact idea of the difference between the two processes of fer- 
mentation, it must be borne in mind that the metamorphosis of gluten and of azotized 
bodies in general is accomplished successively in two principal periods, and that it is in 
the first that the gluten is transformed in the interior of the liquid into an insoluble 
ferment, and that it separates alongside of the carbonic acid proceeding from the sugar. 
This separation is the consequence of an absorption of oxygen. It is, however, hardly 
possible to decide if this oxygen comes from the sugar, from the water, or even from 
an intestine change of the gluten itself, or, in other words, whether the oxygen com- 
bines directly with the gluten, to give it a higher degree of oxidation, or whether it lays 
hold of its hydrogen to form water. 

" This oxidation of the gluten, from- whichever cause, and the transformation of the 
sugar into carbonic acid and alcohol, are two actions so correlated, that by an exclusion 
of the one, the other is immediately stopped." 

The superficial ferment (oberhefe in German) which covers the surface of the fer- 
menting works is gluten oxidized in a state of putrefaction ; and the ferment of c^eposi/e 
is the gluten oxidized in a state of eremacausie. 

The surface yeast, or barm, excites in liquids containing sagar and gluten the same 
alteration which itself is undergoing, whereby the sugar and the gluten suffer a rapid 
and tumultuous metamorphosis. We may form an exact idea of the different states of 
these two kinds of yeast by comparing the superficial to vegetable matters putrefying 
at the bottom of a marsh, and the bottom yeast to the rotting of wood in a state of 
ertmacausiCj that is, of slow combustion. The peculiar condition of the elements of the 
sediment ferment causes them to act upon the elements of the sugar in an extremely 
slow manner, and excites the change into alcohol and carbonic acid, without that of the 
dissolved gluten. 

Sugar, which at ordinary temperatures has no tendency to combine with oxygen, 
enters in the above predicament into fermentation ; but the action is rendered much 
slower by the low temperature, while the affinity of the dissolved gluten for the oxygen 
of the air is aided by the contact of the sediment. The superficial yeast may be 
removed without stopping the fermentation, but the under yeast can not be removed 
without arresting all the phenomena of disoxidation of the second period. These would 
immediately cease ; and if the temperature were now raised, they would be succeeded 
by the phenomena of the first period. The deposite does not excite the phenomena of 
tumultuous fermentation, for which reason it is totally unfit for panification (bread- 
baking), while the superficial yeast alone is suitable to this purpose. 

If to wort at a temperature of from 46^° to 50° F. the top yeast be added, a quiet 
slow fermentation is produced, but one accompanied with a rising up of the mass, while 
yeast collects both at the surface and bottom of the backs. If this deposite be removed 
to make use of it in other operations, it requires by little and little the characters of the 
unterhfife, and becomes incapable of exciting the phenomena of the first fermenting 
period, causing only, of 59° F., those of the second; namely, sedimentary fermentation. 
It must be carefully observed that the right unterhefe is not the precipitate which falls 
to the bottom of backs in the ordinary fermentation of beer, but is a matter entirely 
different. Peculiar pains must be taken to get it genaine, and in a proper condition at 
the commencement. Hence the brewers of Hessia and Prussia, who wished to make 
Bavarian beer, found it more to their interest to send for the article to Wurtzburg, or 
Bamberg, in Bavaria, than to prepare it themselves. When once the due primary fer- 
mentation has been established and well regulated in a brewery, abundance of the true 
wUerhefe may be obtained for all' future operations. 
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In a wort made to ferment at a low temperature with depoiite only, the presence of 
the wUerhefi is the first condition essential to the metamorphosis of the sacdMrmm^ 
bat it is not competent to bring about the oxidation of the gluten dissolved in the wort, 
and its transformation into an insoluble state. This change most be accomplished al 
the cost of the atmospherical oxygen. 

In the tendency of soluble gluten to absorb oxygen, and in the free access of the 
air, all the conditions necessary for its eremacausisy or slow combustion, are to be found. 
It is known that the presence of oxygen and soluble gluten are also the conditions (^ 
acetification (vinegar-making), but they are not the only ones'; for this process require* 
a temperature of a certain elevation for the alcohol to experience this slow combustion. 
Hence, by excluding that temperature, the combustion (oxidation) of alcohol is ob- 
structed, while the gluten alone combines with the oxygen of the air. This property 
does not belong to alcohol at a low temperature, so that during the oxidation in this 
case of the gluten, the alcohol exists alongside of it, in the same condition as the gluten 
alongside of sulphurous acid in the muted wines. In wines not impregnated with the 
fumes of burning sulphur, the oxygen which would have combined at the same time 
with the gluten and the alcohol does not seize either of them in wines which have been 
subjected to mutiam, but it unites itself to the sulphurous acid to convert it into tke 
sulphuric. The action called sedimentary fermentation is therefore merely a simulta* 
neous metamorphosis of putrefaction and slow combustion ; the sugar and the unUrhrft 
putrefy, and the soluble gluten gets oxidized, not at the expense of the oxygen of the 
water and the sugar, but of the oxygen of the air, and the gluten then falls in the in* 
soluble state. The process of Appert for the preservation of provisions is founded 
upon the same principle as the Bavarian process of fermentation ; in which all the pu- 
trescible matters are separated by the intervention of the air at a temperature too k>v 
for the alcohol to become oxidized. By removing them in this way, the tendency of 
the beer to grow sour, or to suffer a further change, is prevented. Appert's method 
consists in placing in presence of vegetables or meat which we wish to preserve the 
oxygen at a high temperature, so as to produce slow combustion, but without putre- 
fhction or even fermentation. By removing the residuary oxygen after the combustion 
is finished, all the causes of an ulterior change are removed. In the sedimentary fer- 
mentation of beer, we remove the matter which experievices the combustion i whereas, 
on the contrary, in the method of Appert, we remove that which produces it. 

It is uncertain whether the dissolved gluten, in being converted into insoluble yeast 
by the action of the oxygen, combines directly with the oxygen ; that is to say, whether 
the yeast difiers from the soluble gluten merely by having absorbed an additional quan- 
tity of oxygen. This question is in fact very difficult to solve by analysis. If the gluten 
be regarded as a hydrogenated combination, it is obvious that in the fermentation of 
wine-must, and malt-wort, the hydrogen will be carried oflf by the oxygen, and the 
action will then be the same as the transformation of alcohol into cUdehyde. When the 
contact of the atmosphere is excluded, this oxygen can not evidently be derived from the 
elements of the air, or from those of the water ; for it can not be supposed that oxygen 
will take hydrogen from the water, in order to recompose water with the hydrogen of 
the gluten. The elements of the aaccharum must therefore furnish this oxygen; or in- 
the course of the formation of the yeast, a portion of the sugar will be decomposed ; but 
thts decomposition is not of the same kind as that which results from the immediate 
metamorphosis of the sugar into carbonic acid and alcohol ; hence a certain portion of 
the sugar wiU afford neither alcohol nor carbonic acid, but it will yield less oxgenated 
products fVom its elements. These products occasion the great difference in the qual- 
ities of fermented liquors, and particularly in their alcoholic strength. In the ordinary 
fermentation of grape-juice and worts, these liquids do not furnish a quantity of alcohcd 
equivalent to the sugar which they contain, because a certain portion of the sugar serves 
for the oxidation of the gluten, and is not transformed like the rest. But whenever the 
liquor has arrived at the second period, the product in alcohol ought to be equivalent to 
the quantity of sugar present, as happens in all fermentations which are not accom- 
panied with a formation, but a disappearance of the yeast. It is well ascertained that 
worts furnish in the Bavarian breweries 10 or 20 per cent, more alcohol than they do 
by the ordinary process of fermentation. It is also a well-established fact that in the 
manufacture of spirits from potatoes, where no yeast is produced, or merely a quantity 
corresponding to the proportion of barley-malt added to the potato- wort, a quantity of 
alcohol may be produced, as also of carbonic acid, corresponding exactly to the quan- 
tity of carbon in the fecula employed. But, on the contrary, in the fermentation of 
beet-root juice, it is hardly possible to determine precisely, from the quantity of car- 
bonic acid evolved, the quantity of sugar contained in the beets, for there is always 
less carbonic acid than the juice of the firesh root would furnish. In equal volumes, 
the beer made by the urUerhefe process contains more alcohol, and is therefore more 
heady than that formed by the ordinary process. 
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The temperatme at which fermentation is carried on has a verr marked influence 
upon the quantity of alcohol produced. It is known that the juice of beets set to 
ferment between 86° and 95 Fahr. does not yield alcohol, and its sugar is replaced by 
a less oxygenated substance, mannite, and lactic acid, resulting from the mucilage. 
In proi>ortion as the temperature is lowered the mannite fermentation diminishes. 
As to azotized juices, however, it is hardly possible to define the conditions under 
which the transformation of the sugar will take place, without being accompanied with 
another decomposition which modifies its products. The fermentation of beer by 
deposUe demonstrates that by the simultaneous action of the oxygen of the air and a 
low temperature, the metamorphosis of sugar is effected in a complete manner ; for 
the vessels in which the operation is carried on are so disposed that the oxygen of the 
air may act upon a surface great enough to transform all the gluten into insoluble 
yeast, and thus to present to the sugar a matter constantly undergoing decomposition. 
The oxidizement of the dissolved gluten goes on, but that of the alcohol requires a 
higher temperature ; whence it can not suffer eremacausis, that is, acetification, or 
conversion into vinegar. 

At the beginning of the fermentation of must and wort, the quantity of matter 
undergoing change is obviously the largest. All the phenomena which accompany it, 
the disengagement of gas and the rise of temperature, are most active at this period, 
and in proportion as the decomposition advances, the external signs of it beisome less 
perceptible, without, however, disappearing completely before the transformation has 
reached its limit. The slow and continuous decomposition which succeeds to the 
rapid and violent disengagement of gases is denominated the after or complementary 
fermentation. For wine and beer it lasts till all the sugar has disappeared, so that the 
specific gravity of the liquors progressively diminishes during several months. This 
slow fermentation is in most cases a truly depositary fermentation ; for by the pro- 
gressive decomposition of the less, the sugar still in solution gets completely trans- 
formed ; but when the air is excluded, that decomposition does not occasion the com- 
plete separation of the azotized matters in an insoluble shape. 

In several states of the German confederation, the favorable influence of a rational 
process of fermentation upon the quality of the beers has been fully recognised. In 
the Grand Dutchy of Hesse ccmsiderable premiums were proposed for the brewing of 
beer according to the process pursued in Bavaria, which were decreed to those brewers 
who were able to prove that their product (neither strong nor highly hopped) had kept 
six months in the casks without becoming at all sour. When the first trials were being 
made several thousand barrels were spoiled, till eventually experience led to the dis- 
covery of the true practical conditions which theory had foreseen and prescribed. 

Neither the richness in alcohol, nor in hops, nor both combined, can hinder ordinary 
beer from getting tart. In England, says Liebig, an immense capital is sacrificed 
to preserve the better sorts of ale and porter from souring, by leaving them for several 
years in enormous tuns quite fuU, and very well closed, while their tops are covered 
with sand. This treatment is identical with that applied to wines to make them 
deposite the wine-stone. A slight transpiration of air goes on in /this case through 
the pores of the wood ; but the quantity of azotized matter contained in the beer is so 
great, relatively to the proportion of oxygen admitted, that this element can not act 
upon the alcohol. And yet the beer thus managed will not keep sweet more than 
two months in smaller casks to which air has access. The grand secret of the Munich 
brewers is to conduct the fermentation of the wort at too low a temperature to permit 
of the acetification of the alcohol, and to cause all the azotized matters to be com- 
pletely separated by the intervention of the 6xygen of the air, and not by the sacrifice 
of the sugar, It is only in March and October that the good store beer is begun to be 
made in Bavaria. 

In our ordinary breweries, the copious disengagement of carbonic acid from the 
frothy top of the fermenting tuns and gyles, prevents the contact of oxygen from the 
worts; so that, as the gluten can not be oxidized by the air, it attracts oxygen from 
the sugar, and thus gives rise to several adventitious hydrogenated products, just as 
the fetid oil is generated in the rapid fermentation of spirit-wash by the distillers. In 
this case no inconsiderable portion of the gluten remains undecomposed in the beer, 
which, by its extreme proneness to corruption, afterward attracts oxygen greedily from 
the air, and. at temperature above 52°, imparts this coTUact action to the alcohol, and, by 
a species of infection, changes it into vinegar. Indeed, in most of the rapid fermenta- 
tions a portion of vinegar is formed, which itself serves as an acetous ferment to the rest 
of the alcohol ; whereas the result of the bottom fermentation is a beer free from vinegar, 
and certainly hardly a trace of gluten ; so that it does not possess the conditions requisite 
to intestine change oj: deterioration. This perfection is, however, in my opinion, rarely 
attained. In my several journeys into Germany I have met with much spurious or 
ill-made Bavarian beer. The best contains, when brought to England, a little acid. 
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but no perceptible gluten on the addition of ammonia in exceM. Most of onr been^ 
ales, &c., deposite more or less glaten when thus treated. 

The following table exhibits the results of the chemical examinations of the under* 
mentioned kinds of beer : — 



Name of the Beer 



Augustine double beer — 
Munich < - 

Salvator be A — do. - 

Bock-beer, from the Royal 
brewery — do. 

Schenk (pot) beer, from a Ba- 
varian country brewery 
kind of small beer 

Bock-beer of Brunswick, of 
the Bayarian kind 

Lager (store) beer, of Bruns- >■ 
wick, of the Bavarian kind ) 

Brunswick sweet small beer 

Brunswick mum 



Quantity in 100 parta by weight. 



Ba- ) 



Water. 


Malt extr. 


Alcohol. 


Carb. acid. 


Analyst. 


88-86 


8-0 


3-6 


014 


Kaiser. 


87-62 


8-0 


4-2 


0-18 


Do. 


88-64 


7-2 


4-0 


0-16 


Bo. 


92-94 


4-0 


2-9 


0-16 


Do. 


88-50 


6.50^ 


50 


- 


Balhorn. 


91-0 


5-4 


3-50 




Otto. 


84-70 
69-2 


14-0 
390 


1-30 
1.80 


0-1 


Do. 
Kaiser. 



Malting in Munich. — ^The barley is steeped till the acrospire, embryo, or seed-germ, 
seems to be quickened ; a circumstance denoted by a swelling at the end of that ear 
which was attached to the foot-stalk, as also when, on pressing a pile between two 
fingers against the thumb-nail, a slight projection of the embryo is perceptible. A« 
long, however, as the seed-germ sticks too firm to the husk, it has not been steeped 
enough for exposure on the underground malt-floor. Nor can deficient steeping be 
safely made up for afterward by sprinkling the malt-couch with a watering-can, which 
is apt to render the malting irregular. The steep-water should be changed repeatedly, 
according to the degree of foulness and hardness of the barley ; first, six hours after 
immersion, having previously stirred the whole mass several times; afterward, in 
winter, every twenty-four hours, but in summer every twelve hours. It loses none of 
its substance in this way, whatever vulgar prejudice may think to the contrary. After 
letting ofi" the last water from the stone cistern, the Bavarians leave the'barley to drain 
in it during four or six hours. It is now taken out, and laid on the couch floor, in a 
square heap, eight or ten inches high, and it is turned over, morning and evening, with 
dexterity, so as to throw the middle portion i^)on the top and bottom of the new-made 
couch. When the acrospire has become as long as the grain itself, the malt is carried 
to the withering {welkboden) or drying-floor, in the open air, where it is exp^^ed (in 
dry weather) during from eight to fourteen days, being daily turned over three times 
with a winnowing shovel. It is next dried on a well-constructed cylinder or flue- 
heated malt-kin, at a gentle clear heat, without being browned in the slightest degree, 
while it turns friable into a flne white meal. Smoked malt is entirely rejected by the 
best Bavarian brewers. Their malt is dried on a series of wove wire horizontal shelves, 
placed over each other ; up through whose interstices or perforations streams of air, 
heated to only 122° Fahr., rise from the surfaces of rows of hot sheet-iron pipe-flues, 
arranged a little way below the shelves. Into these pipes the smoke and burned air 
of a little furnace on the ground are admitted. The whole is enclosed in a vaulted 
chamber, from whose top a Icu'ge wooden pipe issues, for conveying away the steam 
from the drying malt. Each charge of malt may be completelv dried on this kiln in the 
space of from eighteen to twenty-four hours, by a gentle unuurm heat, which does not 
injure the diastase, or discolor the farina.* ^ "^ 

The malt for store-beer should be kept three months at least before using it, and be 
freed by rubbing and sifting from the acrospires before being sent to the mill, where 
it should be crushed pretty fine. The barley employed is the best distichon or common 
, kind, styled hordeum vulgare. 

The hops are of the best and freshest growth of Bavaria, called the fine spalter, or 
ioatser Bohemian townhops, and are twice as dear as the best ordinary hops of the rest 
ci Germany. They are in such esteem as to be exported even into France. 

The Bavarians are so much attached to the beer beverage, which they have enjoyed 
from their remotest ancestry, that they regard the use of distilled spirits, even in 
moderation, as so immoral a practice, as to disqualify dram-drinkers for decent society. 

* I have a set of designs of the Bavarian kiln, but I believe the above description will make its con- 
■tructioa sufficiently intelligible. 
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Tk»ir goTerioaent has taken great pains to improve this national beverage, by en- 
couraging the growth of the best qualities of hops and barley. The vaults in which 
the beer is fermented, ripened, and kept, are all underground, and mostly in stony ex- 
cavations, called felsejikeller or rock-cellars. The beer is divided into two sorts, called 
summer and winter. The latter is light, and, being intended for immediate retail in 
tanksurds, is termed achaMner, The other, or the lagerbier, very sensibly increases in 
viAoas strength in proportion as it decreases in sweetness, by tbe judicious manage- 
ment of the nachgaJirung, or fermentation in the casks. In several parts of Germany 
a keeping quality is communicated to beers by burning sulphur in the casks before 
filling them, or by the introduction of sulphite of lime. But the flavor thus im- 
parted is duliked in Munich, Bayreuth, Regensburg, Niimberg, Hof, and the other 
chief towns of Bavaria ; instead of which a preservative virtue is solight for in an 
aromatic mineral or Tyrol pitch, with which the insides of the casks are carefully coated, 
and in which the ripe beer is kept and exported. In December and January, after the 
ca^ks &re charged with the sununer or store-beer, the double doors of the cellars are 
closed, and lumps of ice are piled up against them, to prevent all access of warm air. 
The cellar is not opened till next August, in order to take out the beer for consump* 
tion. In these circumstances the beer becomes transparent like champagne wine ; 
and, since but little carbonic acid gas has been disengaged, little or none of the addi- 
tionally generated alcohol is lost by evaporation. , 
The winter or schank (pot) beer is brewed in the months of October, November, 
March, and April; but the summer or store-beer in December, January, and Feb- 
ruary, or the period of the coldest weather. For the former beer, the hopped worts 
are cooled down only to from 5V^ to 55°, but for the latter to from 41® to 42^° Fahr. 
The winter beer is also a little weaker than the sunmier beer, being intended to be 
sooner consumed ; since four bushels* (Berlin measure) of fine, dry, sifted malt, of 
lai^e heavy hordeum vtUgare distichon, affords seven eimera of winter beer, but not more 
than from five and a half to six of summer beer.f At the second infusion of the worts, 
small beer is obtained to the amount of twenty quarts from the above quantity of malt. 
For the above quantity of winter beer, six pounds of middling hops are reckonol 
sufficient ; but for the summer beer, from seven to eight pounds of the finest hops. 
The winter beer may be sent out to the publicans in barrels five days after the fer- 
mentation has been completed in the tuns, and, though not quite clear, it will become 
so in the course of six days ; yet they generally do not serve it out in pots for two or 
three weeks. But the summer beer must be perfectly bright and still before it is 
racked oif into casks for sale. 

Statement of the Product* of a Brewing of Bavarian Beer. — The quantity brewed is 
41 Munich eimers (64 mcMSf) = 85| Berlin quarts ; and 60 Berlin quarts ^ 1 eimer ; 
or 24 Munich barrels (of 100 Berlin quarts each) ; 1 Munich eimer = 15 gallons 
imperial. The beer contains from 50 to 60 parts by weight, of dry saccharum in 1,000 
parts. 

^ Expenditure. Thaler. Slbg. 

24 Berlin bushels of white kiln-dried barley, rather finely crushed, 
weighing from 12 to 13 cwts. - - - - 

36 pounds of new fine spatter (parted) hops at 46 thalers the cwt. 

i pound of Carageen moss, for clarifying - - - 

1 quart of yeast. 

1 quart of Tyrol pitch - - - - - - 

Mash — tax (in Bavaria and Prussia) upon 12 cwts. malt, at the 
rate of 20 silbergroachen = 2*., the cwt. - - - 

Cost of crushing - - - - - 

Fuel 

Wages of labor, in the brewhouse and vault 
Do. Do. for cooper in pitching the casks 

Sundry small expenses . - - - - 

Or 111. Bs. 76 

1 ihaUr = 30 silbergroschen — 3 shillings 

Deduct for the grains of 12 cwts. of malt, at 10 silbergroschen, or It. 
per cwt. = 4 thaUrt, and for the value in yeast produced =» 2 
tJ^a^tmore --------6 



24 





16 


17 





3 


11 





8 





1 





4 





6 





3 





2 


10 



Total neat expenditure =» lOZ. lOt . - - . - - 70 

* An English quarter of grain is equal to 5 bashels (scheffel) and nearly one third Prassian measure. 
i 1 Eimer Prussian » IS English imperial gallons ; one Munich n:A«#e? is equal to four Berlin tek^ek : 
1 Lib. Munich » l-9Sd JBiif . Ibt. AvoML : 1 Uh. Berlin ^ 1031 lbs. Avoiri. 
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This cost fbt 42 eimen (1 eimers 14} galls. Imp.)« S19| gafioitt» 17*2 Londoa 
porter barrels, amounts to Hd, per gallon, or ]2«. 9d, per barrel. By the above 
reckoning, a good profit accrues to the brewer, after allowing a liberal sum tar the 
rent of premises. Interest of capital, &c. 

He has less profit from the summer beer. For a brewing of 33 eimers— 505 gatloas 
Imp., containing from 60 to 65 pounds of saccharum in 1,000 pounds of the beer, by 
Hermstaedt's saccharometer. 

Expenditure. 

Thaler. 8Wg. 
24 Berlin schefifeb of white kiln-dried barley-malt, weighing from 

12 to 13 centners* - - -^ - - - • 

48 Berlin pounds of fresh Bavarian fine hops, at 46 thaler per centner 
J pound of Carageen moss ...... 

1 quart setting yeast {unierhefe). 

1 centner pitch -.----. 

Malt tax on 12 centners ...... 

Crushing the malt -..---. 

Fuel - 

Wages, 6 thalers ; coopers' do., 3 thalers ; and sundries, 3 th. 27 sq. 

Deduct for grains 4 thalers, and yeast 2 thalers 

Neat cost 



24 





20 








3 


11 





8 





1 





4 





12 27 


81 





6 





75 






This cosf of IIZ. 5f. for ^05 gallons amounts to fully bid. per gallon, and 16f. 6i. 
the barrel. 

The cost at Munich is 2| thalers the eimer, and 4 thalers the barrel. The eimer of 
the summer beer, or lagerbier, is sold for 4 thalers. The publicans there, as in Lon- 
don, are known to add more or less water to their beer before retailing it. 

The yeast (unierhefe) is carefully freed by a scraper from the portions of light top 
yeast that may have fallen to the bottom ; the true unterhefe is then carefully sliced off 
from the slimy sediment on the wood. 

In Munich the malt is moistened slightly 12 or 16 hours before crushing it, with from 
2 to 3 fnaajf of water for every bushel ; the malt being well dried, and several months 
old. The mash-tun into which the malt is immediately conveyed is, in middle-sized 
breweries, a round oaken tub, about 4) feet deep, 10 feet in diameter at bottom and 
9 at top, outside measure, containing about 6,000 Berlin quarts. Into this tun cold 
water is admitted late in the evening, to the amount of 25 quarts for each scheffd, or 
600 quarts for the 24 scheffels of the ground malt, which are then shot in and stirred 
about and worked well about with the. oars and rakes, tDl a uniform pasty is formed 
without lumps. It is left thus for three or four hours ; 3,000 quarts of water being 
put into the copper, and made to boil; and 1,800 quarts are gradually run down into 
the mash-tuD, and worked about in it, producing a mean temperature of 142*5*' Fahr. 
Afler an hour's interval, during which the copper has been kept full, 1,800 additional 
quarts of water are run into the tun, with suitable mashing. The copper being now 
emptied of water, the mash-mixture from the tun is transferred into it, and brought 
quickly to the boiling point, with careful stirring to prevent its setting on the bottom 
and getting burned, and it is kept at that temperature for half an hour. When the mash 
rises by the ebullition, it needs no more stirring. This process is called, in Bavaria, 
boiling the thick mash, dickmaisch kochen. The mash is next returned to the tun, and 
weU worked about in it. A few barrels of a thin mash-wort are kept ready to be put 
into the copper the moment it is emptied of the thick mash. AAer a quarter of an 
hour's repose the portion of liquid filtered through the sieve-part of the bottom of the 
tun into the wort-cistern is put into the copper, thrown buck boiling hot into the mash 
in the tun, which is once more worked thoroughly. 

The copper is next cleared out, filled up with water, which is made to boil for the 
a/ter or small-beer brewing. After two hours settling in the open tun, the worts are 
drawn off clear. 

Into the copper, filled up one foot high with the wort, the hops are introduced, and 
the mixture is made to boil during a quarter of an hour. This is called roasting (he 
kepi. The rest of the wort is now put into the copper, and boiled along with the hops 
during at least an hour or an hour and a half. The mixture is then laded out through 
the hop-filter into the cooling-cistern, where it stands three or four inches deep, and is 
ei^posed upon an extensive surface to natural or artificiid currents of cold air, so as to 

* 1 Centner a ilO Prnstian poands» 113*44 lbs. Avoird. 
t A Bavanati MMt"* 1| qoarti EngUsh measure. 
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be quickly eooled. For every 2d barrels of lagerbier^ there are allowed 10 of smaD 
beer ; so that 30 barrels of wort are made in all. 

For the winter or pot-beer the worts are brought down to about 59° Fahr. in the 
cooler, and the beer is to be transferred into the fermenting-tuns at from 54*5° to 59® 
Fahr. ; for the summer or lagerinery the worts must be brought down in the cooler to 
from 43° to 451*^, and put into the fermenting-tuns at to from 41° to 43° Fahr. 

A few hours beforehand, while the wort is still at the temperature of 63 J° Fahr., a 
quantity of lobb must be made, called vorstellen (foreseUing) in German, by mixing the 
proportion of unterhe/e (yeast) intended for the whole brewing with a barrel or a 
barrel arid a half of the worts, in a small tub called the gahr-iune, stirring them well 
together, so that they may immediately run into fermentation. This IM is in this 
state to be added to the worts. The IM is known to be ready when it is covered with 
a white froth from one quarter to one half an inch thick ; during which it must be well 
covered up. The large fermenting-tun must in like manner be kept covered, even 
in the vault. The colder the worts, the more yeast must be used. For the above 
quantity, at 

From 67° to 59° Fahr., 6 moos ofunterhefe. 
53° to 55° 8 — 

48° to 50° 10 — 

41° to 33° 12 — 

Some recommend that wort for this kind of fermentation (the untergdhrung) should be 
set with the yeast at from 48° to 57° ; but the general practice at Munich is to set the 
summer lager beer at from 41° to 43° F. 

By following the preceding directions, the wort in the tun should, in the course of 
from twelve to twenty-four hours, exhibit a white froth round the rim, and jeven a slight 
whiteness in the middle. After another twelve or twenty-four hours, the froth should 
appear in curls ; and, in a third like period, these curls should be changed into a still 
higher frothy brownish mass. In from twenty-four to forty-eight hours more, the barm 
should have fallen down in portions through the beer, so as to allow it to be seen in cer- 
tain points. In this case it may be turned over into the smaller ripening tuns in the 
course of other five or six days. But when the worts have been set to ferment at from 
41° to 43° Fahr., they require from eight to nine days. The beer is transferred, after 
being freed from the top yeast by a skimmer, by means of the stopcock near the bottom 
of the large tun. It is either first run into an intermediate vessel, in order that the top 
and bottom portions may be well mixed, or into each of the lager casks, in a numbered 
series, like quantities of the top and bottom portions are introduced. In the ripening 
cellars the temperature can not be too low. The best keeping beer can never be 
brewed unless the temperature of the worts at setting, and of course the fermenting- 
vault, be as low as 50° F. In Bavaria, where this manufacture is carried on under 
government inspectors, a brewing period is prescribed by law, which is, for the under 
fermenting lager beer, from Michaelmas (29th September) to St. George (23d April). 
From the latter to the former period the ordinary top-barm beer aloije is to be made. 
The ripening-casks must not be quite full, and they are to be closed merely with a 
loose bung, in order to allow of the working over of the ferment. But should the fer- 
mentation appear too languid, after six or eight days, a little briskly fermenting lager 
beer may be introduced. The store lager beer-tuns are not to be quite filled, so as to 
prevent all the yeasty particles from being discharged in the ripening fermentation j 
but the pot lager beer-tuns must be made quite full, as this beverage is intended for 
speedy sale within a few weeks of its being made. 

As soon as the sunmier beer-vaults are charged with their ripening-casks, and with 
Ice-cold air, they are closed air-tight with triple doors, having small intervals between, 
so that one may be entered and shut again, before the next is opened. These vaults 
are sometimes made in ranges radiating from a centre, and at others in rooms set off 
at right angles to a main gallery ; so that in either case, when the external opening is 
well secured, with triple air-tight doors,: it may be entered at any time, in order to 
inspect the interior, without the admission of warm air to the beer-barrels. The 
wooden bungs for loosely stopping them must be coated with the proper pitch, to 
prevent the possibility of their imparting any acetous ferment. In the Beer Brewer* 
of A. F. Zimmermann, teacher of theoretical and practical brewing, who has devoted 
thirty-five years to this business, it is stated, that a ripened tun of lager or store-beer 
must be racked off all at once, for when it is left half full it becomes flat (schaal) ; and 
that the tun of pot lager beer must, if possible, be all drunk off in the same day it is 
tapped ; because on the following day the beer gets an unpleasant taste, even when 
the bung has not been taken out, but only a small hole has been made, which ia 
opened only at the time of drawing the beer, and is inmiediately closed again with a 

* Der Bier-Brauer, alt Meister in teinem fache, &c., illnstrates with many plates, Berliiu 1843. 
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spigot. He ascribes this change to the loss of the carbonic acid gas, with which the 
beer has got strongly 'impregnated during the latter period of its ripening, while 
being kept in tightly-banged casks. The residuums in these casks are, however, 
bottled up in Bavaria, whereby the beer, after some time, recovers its brisk and 
pungent taste. But the beer-topers in Bavaria, who are professedly very numerous, 
indulge so delicate and fastidious a palate, that when assembled in their favorite pot- 
house, they wait impatiently for the tapping of a fresh cask, and cease for a while to 
tipple whenever it is half empty, puffing the time away with their pipes till another 
fresh tap be made. In the well-frequented beer-shops of Munich a coramoo-sized cask 
of l-ager beer is thus drank oif in an hour. A reputation for superior brewing is there 
the readiest road to fortune. 

Bock'Beer of Bavaria. — This is a favorite double strong beverage, of the best lager 
description, which is so named from causiag its consumers to prance and tumble about 
like a buck or a goat ; for the German word hock has both these meanings. It is 
merely a beer having a specific gravity one third greater, and is therefore made with 
a third greater proportion of malt, but with the same proportion of hops, and flavored 
with a few coriander-seeds. It has a somewhat darker color than the general lager 
beer, occasionally brownish, taste less bitter on account of the predomiaating malt, 
and somewhat aromatic. It is an eminently intoxicating beverage. It is brewed in 
December and January, and takes a long time to ferment and ripen ; but still it con- 
tains too large a quantity of unchanged saccharum and dextrine for its hops, so that it 
tastes too luscious for habitual topers, and is drunk only from the beginning of May 
till the end of July, when the fashion and appetite for it are over for the year. 

Statement of a Brewing of Bavarian Bock-Beer, 

For 41 Bavarian eimers of 64 maass each (about 15 gallons Imperial) per etmeTf or 
615 gallons, nearly 17 barrels English in all: — 

Expenditure. 

Thaler. 8Ibg. 
32 Berlin scheifels of the best pale malt freed from its acrospires, 
weighing 17^ centners, at 1 thaler per centner 
48 lbs. (Berlin) of the best Bavarian hops 
J lb. Carageen moss for clarifying . « . 

1 lb. Coriander-seeds . . - - - 

1 Quart setting yeast. 
1 Centner Tyrolese pitch - - - - - 

Malt-tax - ------ 

Malt-crushing, fuel, wages, coopering, &c. 

Thalers of 3«. each 
Deduct for the value of grains and yeast 

^ Thalers of neat cost - 

This statement makes the eimer of the Bavarian bock-beer amount to about 2 tha^ 
lers, or 6 shillings ; being at the rate of nearly 5 pence per gallon ; though without 
counting rent, interest of capital, or profit. It is, in fact, a malt or barley sweet wine 
or liqueur ; but a very cheap one, as we see by this computation. 

The chief difiference in the process for making bock-beer lies in the mash-worts 
and in the hops being boiled a shorter time, to preserve more of the aroma, and acquire 
less of the bitterness of the hop. The coriander-seeds are coarsely bruised, and added 
along with the hops and Carageen moss, to the boiling mash-worts, about twenty 
or thirty minutes before they are laded or drawn off into the mash-tun. Sometimes 
the hops are boiled apart in a little clear wort, as formerly described. The bock-beer 
is retailed in Munich at 3 silver ^oschen, about 3^d, the seidel, or pot, which is one 
English pint. The 25 gallon cask (/onne) is sold at 10 thalers, or 30 shillings. The 
publicans, therefore, have a very remunerating profit per pot, even supposing that they 
do not reduce the beer with water like our London craftsmen. 

Zimmermann assumes the merit of having introduced (!)arageen moss as a clarifier 
into the beer manufacture. I do not know whether it may not have been used in this 
country for the same purpose, or in Ireland, where this fucus {Ckondra crispa) grows 
abundantly. He says that 1 ounce of it is sufficient for 25 gallons of beer; and that 
it operates, not only in the act of boiling with the hops, but in that of cooling, as also 
in the squares and backs before the fermentation is begun. Whenever this change, 
however, takes place, the commixture throws up the gluten and moss to the surface of 
the liquid in a black scum, which is to be skimmed off, so that the proper yoot may 
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tt>t be soiled with it. It occasions the separation of much of the vegetable slime, or 
ilMicilage, called by the German brewers peck (pitch). 

On the Clarifying or Clearing of Beers. — Clarifiers act either chemically — ^by being 
soluble in the Deer, and by forming an insoluble compound with the vegetable gluten, 
and other viscid vegetable extracts ; gelatine and albumen, under one shape or other, 
have been most used ; the former for beer, the latter, as white of egg, for wine — 
or mechanically, by being diffused in fine particles through the turbid liquor, and, in 
their precipitation, carrying down with them the floating vegetable matters. To this 
class belong sand, bone-black (in some measure, but not entirely), and other such 
articles. The latter means are very imperfect, and can take down only such matters 
as exist already in an insoluble state ; of the former class, milk, blood, glue, calf 's-foot 
jelly, hartshorn-shavings, and isinglass, have been chiefly recommended. Calve's-foot 
jelly is much used in many parts of Germany, where veal forms so common a kind of 
butcher-meat ; but in ^nmier it is apt to acquire a putrid taint, and to impart the 
same to the beer. In these islands, isinglass swollen and partly dissolved in vinegar, 
or sour beer, is almost the sole clarifier, called finings, employed. It is costly, when 
the best article is used ; but an inferior kind of isinglass is imported for the brewers. 
The solvent or medium through or with which it is administered is eminently inju- 
dicious, as it never fails to infect the beer with an acetous ferment. In Germany 
their tart wine has been used hitherto for dissolving the isinglass ; and this has also the 
same bad property. Mr. Zimmermann professes to have discovered an unexception- 
able solvent in tartaric acid, one pound of which dissolved in 24 quarts of water is 
capable of dissolving two pounds of ordinary isinglass ; forming finings which may be 
afterward diluted with pure water at pleasure. Such isinglass imported from Peters- 
burg into Berlin costs there only 35. per lb. These finings are best added, as already 
mentioned, to the worts prior to fermentation, as soon as they are let in to the setting- 
back or tun, immediately after adding the yeast to it. They are best administered i^ 
mixing them in a small tub with thrice their volume of wort, raising the mixture into a 
froth with a whisk {twig-besom, in Grerman), and then stirring it into the worts. The 
clarification becomes manifest in the course of a few hours, and when the fermentation 
is completed, the beer will be as brilliant as can be wished; the test of which with the 
German topers is when they can read a newspaper while a tall glass beaker of beer is 
placed between the paper and the candle. One quart of finings of the above strength 
will be generally found adequate to the clearing of 100 gallons of well-brewed lager- 
beer, though it will be surer to use double that proportion of finings. The Carageen 
moss, as finings, is to be cut in fine shreds, thrown into the boiling thin wort, when 
the flocks begin to separate, and before adding the hops ; after which the boiling is 
continued for an hour -and a half or two hours, as need be. The clarifying with this 
kind of finings takes place in the cooler^ so that a limpid wort may be drawn off into 
the fermenting back. 

Berlin White or Pak Beer (Weiss-bier), — This is the truly patriotic beverage of 
Prussia Proper, and he is not deemed a friend to his Vaterland who does not swig it. 
It is brewed from 1 part of barley-malt and 5 parts of wheat-malt, mingled, moistened, 
and coarsely crushed between rollers. This mixture is^worked up first with water at 
95° Fahr., in the proportion of 30 quarts per scheffel^of the malt, to which pasty 
mixture 70 quarts of boiling water are forthwith added, and the whole is mashed in the 
ton. After it has been left here a little to settle, a portion ol' the thin liquor is drawn 
off by the tap, transferred to the copper, and then for each bushel of malt there is added 
to it a decoction of half a pound of Mlmark hops separately prepared. This hopped 
Vort, after half an hour's boiling, is turned back with the hops into the mash-tun, of 
which the temperature should now be 162^" Fahr., but not more. In half an hour 
the wort is to be drawn off from the grains, and pumped into the cooler. The grains 
sre nfterwapd mashed with from 40 to 50 quarts of boiling water per scheffel of malt, 
and this infusion is drawn off and added to the former worts. The whole mixture 
ii set at 66° Fahr., with a due proportion of ton yeast or ordinary barm, and very 
moderately fermented. According to Zimmermaire, a very competent judge, this his" 
nlitive beer is very apt to turn sour, and therefore it must be very speedily consumed. 
This proneness to acettfication is the character of all wheat-malt beers. He recom- 
mends, what he himself has made for many years, a substitution of potato-starch sugar 
for this sort of malt, and as much tartaric acid as to give the degree of tartness peculiar 
to the pale Berlin beer, even in its best state. This acid moreover prevents the beer 
firom running into the acetous fermentation. 

Potato-Beer. — The potatoes being well washed are to be rubbed down to a pulp by 
ittch a grating cylinder-machine as is represented in fig, 5, where a is the hopper for 
receiving the roots (whether potato or beet, as m the French sugar-factories ; 6 is the 
erushing and grindinv-dram ; c, the handle for turning the spur-wheel d, which driyee 
ibn pimim e, «im1 Mm ibf^vtiteekfi g, A, is tki^ fraaie. The dotted Uattfe above c, are tte 
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cuUender through which the pulp passes. Fig, 6. is the stopcock used in Bavaria for 
bottling beer. For every scheffel of potatoes 80 quarts of water are to be put with 
them into the copper, and made to boll. 




Crushed malt^ to the amount of 12 scheffels, is to be well worked about in the mash- 
tun with 360 quarts, or 90 gallons (English) of cold water, to a thick pap, and then 
840 additional quarts, or about 6 barrels (English) of cold water are to be successively 
introduced with constant stirring, and left to stand an hour at rest. 

The potatoes having been meanwhile boiled to a fine starch paste, the whole malt- 
mash, thin and thick, is to be speedily laded into the copper, and the mixture in it is 
to be well stirred for an hour, taking care to keep the temperature at from 144® to 
156" Fahr. all the time, in order that the dtastase of the malt may convert the starch 
present in the two substances into sugar and dextrine. This tnwsformation is made 
manifest by the white pasty liquid homing transparent and thin. Wheneyer this 
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happens the fire is to be raised, to make the mash boil, and to keep it at this heat for 10 
minutes. The fire is then withdrawn, the contents of the copper are to be transferred 
into the mash, worked well there, and left to settle for half an hour ; daring which 
time the copper is to be washed out, and quickly charged once more with boiling water. 

The dear wort is to be drawn off from the top of the tun, as usual, and boiled as 
soon as possible with the due proportion of hops ; and the boiling water may be added 
in any desired quantity to the drained mash, for the second mashing. Wort made in 
this way is said to have no fiavor whatever of the potato, and to clcu'ify more easily 
than malt-wort, from its containing a smaller proportion of gluten relatively to that of 
saccharum. 

A scheffel of good mealy potatoes affords from 26 to 27| pounds of thick well-boiled 
syruj), of the density of 36° Baume {see Areometer in the Dictionary) ; and 26 lbs. 
of such syrup are equivalent to a scheffel of malt in saccharine strength. Zim- 
mermann thinks beer so brewed from potatoes quite equal, at least, if not superior, to 
pure malt beer, both in appearance and quality. 

Porter and Brovm Stout. — I offer the following statement of the process for brewing 
genuine London porter, beUeving it to be more near that really practised than any 
fcmnula hitherto published. 

For 180 barrels of brown stout, containing from 80 to 85 parts of malt extract in 
1,000 by weight .— 

Components, — 530 bushels (English measure) of good barley malt. 
10 do. of kiln-browned malt. 

12 cwt. of Estentia-biruty Caramely or sugar fused over a fire into a 
dark brown or black syrupy mass. 
1500 lbs. of hops, or about three pounds to each bushel of malt. 
10 quarts of Ccdjini, a preparation made with the oil distilled from 

the outer bark of the birch. 
5 quarts of good porter yeast, 
finings of isinglass dissolved in sour beer. 

For the brewing process see Beer in the Dictionary. 

The essentia-biTia may be dissolved in hot worts in a separate copper, and mixed 
with the rest by runniog it into the cooler, immediately after the boiled wort is 
strained from the hops in the hop-back. The Calfini (a hocus-pocus term of the 
brewers) is prepared as follows : — 

Put one ounce of birch-bark oil into a bottle with 4 quarts of spirits of wine 60 per 
cent, over proof; cork the mouth of the bottle, and place it in a slightly warm position 
till the oil be thoroughly combined with the alcohol, with the aid of occasional 
shaking. This solution being cooled is to be filtered through paper, and kept for use. 
The birch oil is an empyreumatic product made in large quantities in. Russia and 
Poland, for the purpose of giving flavor and conservative properties to the Russia 
leather. It is sold for one shiUing the quart. The dose of Calfini in porter is varied 
according to the taste of the brewers and consumers. 

In concludint? this supplementary article, I take occasion to refer my readers to the 
Practical Treatise on Brewing, by Mr. William Black, a gentleman experienced in the 
business, who has the merit of discovering the evil influence of galvanic combi- 
nations in the metallic parts of the fermenting backs and the beer tuns in our 
breweries. This little work contains much useful information. I have pleasure also 
in announcing that Messrs. Beamish and Crawford, the eminent porter brewers of 
Cork, have taken measures to establish the manufacture of genuine Bavarian beer on 
the best principles : having, with this view, caused their intelligent head brewer, 
Mr. Topp, to study the practical details of brewing in Munich. They have recently 
produced excellent brown stout, equal, if not superior, to any in London, by means of 
the Bavarian fermentation. It is nearly free from gluten, and will therefore prove light 
and wholesome to weak stomachs. It needs no finings to clarify it. 

Professor Leo of Munich has given the following analysis of two kinds of Munich 
beer: — 



Specific gravity - 


Bock-bier. 


Heiliger-Vater 


1-020 


1030 


Alcohol - - - . 
Extract .... 
Carbonic Acid - . 
Water .... 


4-000 

8-200 

0-085 

87-393 


5-000 
13-500 

0-077 
81-923 


100000 


100-000 
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Carl states the alcohol in the Bavarian beer of Bamberg at only 2*840 in 100. Ex- 
tract, 6-349. 
The following analyses of other German beers are also by Leo : — 



Alcohol 
Albumen - 
Extract 
Water 


Lichtenhain. 


Upper 
Weimar. 


nmenaa. 


Jena. 


Double Jena. 


3-168 

0-048 

4-485 

92-299 


2-667 

0-020 

7*316 

90-097 


3-096 

0.079 

7-072 

89-753 


3018 

0045 

6- 144 

90-793 


2080 

0-028 

7-153 

90-739 


100-000 


100-000 i 100-000 


100-000 


100-000 



Under the term extract, in these analyses, is meant a mixture of starch, sugar, dex- 
trine, lactic acid, various salts, certain extractive and aromatic parts of the hop, gluten^ 
and fatty matter. 
The following statement is from some of the published analyses of other beers : — 

Alcohol. 
English ale - - - . - - 8-5 in 100 

Burton - - - - - 6-2 

Scotch - - - - - 5-8 

Common London ale . - . 5*0 

Brown stout - - - - 6-0 

London porter - - - - 4-0 

To the above I add the following analyses of certain ales made lately by myself^ as 
follows : — 

1. After exposing a portion of the liquor in a wine-glass till the bubbles of carbonic 
acid were disengaged, I took the specific gravity in a globe with a capillary bored 
stopper. 

2. I then saturated 5,000 grain measures of the ale with a test solution of pure car- 
bonate of soda, to determine the quantity of acid present, after which I added an excess 
of the alkali to precipitate the gluten; which, however, being but small in amount, I 
did not separate by a filter, dry, and weigh. 

3. I subjected the supersaturated liquid to distillation by the heat of 230** F. in a 
chloT-zinc bath till I drew off all its alcohol, of which I noted the quantity in water 
grain measures, and the specific gravity. 

4. I evaporated to dryness 500 water grain measures slowly in a porcelain capsule^ 
to determine the extract. 



Specific gravity 


Bavarian. 


Do. Bock. 


All8op*s. 


Bass'i. 


1-004 


. 1-013 


1-010 


1-006 


Alcohol 
Extract 

Acetic add - 
Water 


4-00 

4*50 

0-20 

91-30 


4-50 

6-40 

0-20 

88-90 


6-00 

5-00 

0-20 

88-80 


7-00 

4-80 

0.18 

88.02 


100-00 


100-00 


100-00 


100-00 



The Bavarian beers had been recently imported from Germany in casks lined with 
pitch. The two samples of English ale are those made chiefly for the Indian market, 
but, being highly hopped, and comparatively clean, as the brewers say, have been rec- 
ommended as a tonic beverage, by the faculty. Hodgson's bitter beer was the original 
of this quality. 

The above Bavarian beers afford no precipitate of gluten with carbonate of potash; 
the two English ale^ become mottled thereby, and yield a small portion of gluten, 
which had been held in solution by the acid, which is here estimated as the acetic. 
Common vinegar, excise strength, contains 6 per cent, of such acid as is stated in the 
above analysis, indicating from 3 to 4 per cent, of table vinegar in the above varieties 
of beer. 

BICARBONATE OF POTASH AND OF SODA. These salts, so mnA 
used in medicine, may, according to M. Behrens, be very readily prepared by gradually 
adding acetic acid to a strong solution of their carbonates ; that of soda being hot. 
The carbonic acid, at the moment of its disengagement, by the stronger affinity of tiie 
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ftcetic for the alkalis, combines with a portion of them to form bicarbonatesy which 
fall to the bottom of the vessel in which the mixture is made. The supernatant acetate 
being separated by decantation, the residuary bicarbonate is to be pressed in linen, 
washed with ice-cold water, and dried. This ingenious process may be practised by 
the chamber chemist, but will not aford the bicarbonates at so cheap a rate as the or- 
dinary modes of manufacture. 

BIRDLIME. All the parts of the misletoe contain a peculiar viscid gluey sub- 
stance, which they yield by decoction, particularly of the bark and green portions ; as 
also from the expressed juice of the iMirk or berries, when it is kneaded with the fingers 
under water. The birdlime is thus obtained in the form of a white opaque mass, 
sticking to the fingers. It may also be extracted from the berries of the misletoe by 
means of ether, repeatedly applied, digested with them. It dissolves at first a mixture 
of green wax and birdlime, but afterward birdlime alooe. By distilling off the ether, 
the birdlime remains colorless and pure. Birdlime may be considered as a kind of 
viscid resin which does not dry, and resembling in this respect an ointment of oil or 
)ard and rosin melted together — the old btuilicon of the surgeon. Alcohol, even boil- 
ing hot, dissolves hardly any bir.dlime ; but merely its waxy impurities, which it de- 
posites in flocks on cooling. It is soluble in the oils of rosemary and turpentine, as also 
in petroleum. Heated with the ley of caustic potash, it forms a compound soluble in 
alcohol. Nitric acid converts it into oxalic acid, and into a fat which solidifies. 

Macaire has examined a substance which exudes from the receptacle and involucre 
of the atractylis gummifera, and describes it as the pure matter of birdlime, which he 
styles viscine. It is said to be composed in 100 parts of 75*6 carbon, 9*2 hydrogen, and 
15*2 oxygen. Conmion birdlime may be regarded as a mixture of viscine, vegetable 
mucilage, and vinegar. The young shoots of the ficus ekiatica afford a milky juice, 
which is viscine, while the old branches afford a juice rich in caoutchouc. 

BISCUITS. For the following account of the mechanical system of baking 
biscuits for the royal navy, I am indebted to the ingenious inventor, Thomas Grant, 
Esq., of Gosport. 

Shipa' biscuits are now made by machinery ; and one of the reasons for this has 
been that the manual preparation of them was too slow and too costly daring the 
last war. A landsman knows very little of the true value of a biscuit : with a seaman, 
biscuit is the only bread that he eats for months together. There are many reasons 
why common loaves of bread could not be used during a long voyage : because, con- 
taining a fermenting principle, they would soon become musty and unfit for food, if 
made previous to the vovage ; while the preparation of them on board ship is subject 
to insuperable objections. Biscuits contain no leaven^ and, when well baked through- 
out, they suffer little change during a long voyage. 

The allowance of biscuit to each seaman on board a queen^s ship is a pound per day 
(averaging six biscuits to the pound). The supply of a man-of-war for several months 
is, consequently, very large ; and' it often happene^l during the last war that the difii- 
culty of making biscuits fast enough was so great, that at Portsmouth wagon-loads were 
unpacked in the streets and conveyed on board ships. 

We shall now describe the mode of making biscuits by hand ; and afterward speak 
of the improved method. The bakehouse at Gosport contained nine ovens, and to 
each was attached a gang of five men — the " turner," the ** mate," the " driver," the 
** breakmaa," and the '< idleman." The requisite proportions of flour and water were 
put into a large trough, and the '< driver," with his naked arms, mixed the whole up 
together in the form of dough — a very lal>orious operation. The dough was then 
taken from the trough and put on a wooden platfonn called the break : on this plat- 
form worked a lever called the break-staff, five or six inches in diameter, and seven 
feet long ; one end of this was loosely attached by a kind of staple to the wall, and the 
bfeakman, riding, or sitting on the other end, worked this lever to and fro over the 
dough, by an uncouth jumping or shuffling movement. When the dough had become 
kncsided by this barbarous method into a thin sheet, it was removed to the moulding- 
board, and cut into slips by means of an enormous knife ; these slips were then broken 
into pieces, each large enough for one biscuit, and then worked into a circular form by 
the hand. As each biscuit was shaped it was handed to a second workman, who 
i^amped the king's mark, the number of the oven, &c., on the biscuit. The biscuit 
was then docked, that is, pierced with holes by an instrument adapted to the purpose. 
The finishing part of the process was one in which remarkable dexterity was dis- 
played. A man stood before the open door of the oven, having in his hand the handle 
of a long shovel called a peel, the other end of which was lying flat in the oven, 
iniother roan took the biscuits as fast as they were formed and stamped, and jerked or 
threw them into the oven with such undeviating accuracy that they should always fall 
on the peel. The man with the peel then arranged the biscuits side by side over the 
whole floor of the oven. Nothing could exceed (in manual labor alone) the regu- 
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Jarity with which this was all done. Seventy biscuits were thrown into the oyen and 
regularly arranged in one minute ; the attention of each man being yigorously directed 
to his own department ; for a delay of a single second on the part of any one maa 
would have disturbed the whole gang. The biscuits do not require many minutes* 
baking ; and as the oven is kept open during the time that it is being filled, the biscuits 
first thrown in would be overbaked were not some precaution taken to prevent it. 
The moulder therefore made those which were to be first thrown into the oven larger 
than the subsequent ones, and diminished the size by a nice gradation. 

The mode in which, since about the year 1831, ships' biscuits have been made by 
machinery invented by T. T. Grant, Esq., of the Royal Clarence yard, is this : the 
meal or flour is conveyed into a hollow cylinder four or five feet long and about 
three feet in diameter, and the water, the quantity of which is regulated by a gauge 
admitted to it ; a shai^, armed with long knifes, works rapidly round in the cylinder, 
with such astonishing effect that, in the short space of three minutes, 340 pounds 
of dough are produced, infinitely better made than that mixed by the naked arms of 
a man. The dough is removed from the cylinder and placed under the breaking- 
rollers ; these latter, which perform the office of kneading, are two in number, and 
weigh 15 cwt. each; they are rolled to and fro over the surface of the dough by 
means of machinery, and in five minutes the dough is perfectly kneaded. The sheet 
of dough, which is about two inches thick, is then cut into pieces half a yard square, 
which pass under a second set of rollers, by which each piece is extended to the 
size of six feet by three, and reduced to the proper thickness for biscuits. The 
sheet of dough is now to be cut up into biscuits, and no part of the operation is 
more beautiful than the mode by which this is accomplished. The dough is brought 
under a stamping or cutting-out press, simDar in effect, but not in detail, to that by 
which circular pieces for coins are cut out of a sheet of metal. A series of sharp 
knives are so arranged that, by one movement, they cut out of a piece of dough a 
yard square about sixty hexagonal biscuits. The reason for a hexagonal (six-sided) 
shape is, that not a particle of waste is thereby occasioned, as the sides of the hex- 
agonals accurately fit into those of the adjoining biscuits ; whereas circular pieces 
cut out of a large surface always leave vacant spaces between. That a flat sheet can 
be divided into hexagonal pieces without any waste of material is obvious. 

Each biscuit is stamped with the queen's mark, as well as punctured with holes 
by the same movement which cuts it out of the piece of dough; The hexagonal 
cutters do not sever the biscuits completely asunder ; so that a whole sheet of them 
can be put into the oven at once on a large peel or shovel adapted for the puri>ose. 
About fifteen minutes are sufiicient to bake them ; they are then withdrawn and 
broken asunder by the hand. 

The com for the biscuits is purchased at the mcurkets, and cleaned, ground, and 
dressed ; at the government mills ; in quality it is a mixture of fine flour and mid- 
dlings, the bran and pollard being removed. The ovens for baking are formed of 
fire-brick and lile, with an area of about 160 feet. About 112 lbs. weight of biscuits 
are put into the ovens at oncel This is called a suit, and is reduced to about 110 lbs. 
by the baking. From twelve to sixteen suits can be baked in each oven every day, or 
after the rate of 224 lbs. per hour. The men engaged are dressed in clean check 
shirts and white linen trowsers, apron, and cap ; and every endeavor is made to 
observe the most scrupulous cleanliness. 

We may now make a few remarks on the comparative merits of the hand and the 
machine processes. If the meal and the water with which the biscuits are made be 
not thoroughly mixed up, there will be some parts moister than others. Now, it was 
formerly found that the dough was not well mixed by the arms of the workman ; the 
consequence of which was that the dry parts became burnt up, or else that the moist 
parts acquired a peculiar kind of hardness which the sailors called " flint :" these defects 
are now removed by the thorough mixing and kneading which the ingredients receive 
by the machine. 

We have seen that 450 lbs. of dough may be mixed by the machine in four minutes, 
ai)d kneaded in five or six minutes ; we need hardly say how much quicker this is than 
men's hands could effect it. The biscuits are cut out and stamped sixty at a time, 
instead of singly:' besides the time thus saved, the biscuits become more equally 
baked, by the oven being more speedily filled. The nine ovens at Gosport used to 
employ 45 men to produce about 1,500 lbs. of biscuit per hour ; 16 men and boys wiH 
now produce, by the same number of ovens, 2,240 lbs. of biscuits (one ton) per hour. 

The comparative expense is thus stated : Under the old system, wages, and w«ar 
and tear of utensils, cost about 1*. 6d. per cwt. of biscuit : under the new system, the 
cost is 5d, 

The bakehouses at Deptford, Gosport, and Plymouth, could produce 7,000 or 8,000 
tons of biscuits annually, at a saving of 123OOO;. per annum from the cost under the 
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old system. The advantages of machine-made over hand-made biscuits, therefore, are 

many: quality, cleanliness, expedition, cheapness, and independence of government 

contractors. 

Fig, 7, represents the biscuit machinery, as executed beautifully by Messrs. Renniei 

7 




Engineers, a, is the breaking roller, table and roller ; 6, the finishing roller, table and 
roller ; c, c, docking machines for stamping out the biscuits ; d, mixing machine for 
making the dough ; e, spur pinion to engine shaft ; /, spur-wheel ; g, g, bevel mitro- 
wheels to give the upright motion ; k, h, bevel-wheels for working the mixing machine ; 
1, t, t, ditto for communicating motion to the rolling machines j,/; k, the crank shaft; 
/, /, connecting rods ; m, m, pendulums for giving motion to rollers ; n, », clutches for 
connecting either half of the machinery to the other. 

BITUMEN. It is a very remarkable fact, in the history of the useful arts, that 
asphalt, which was so generally employed as a solid and durable cement in the earliest 
constructions upon record, as in the walls of Babylon, should for so many thousand 
years have fallen well nigh into disuse among civilized nations. For there is cer- 
tainly no class of mineral substances so well fitted as the bituminous, by their plasticity, 
fusibility, tenacity, adhesiveness by surfaces, impenetrability by water, and unchange- 
ableness in the atmosphere, to enter into the composition of terraces, foot-pavements, 
roofs, and every kind of hydraulic work. .Bitumen, combined with calcareous earth, 
forms a compact, semi-elastic solid, which is not liable to suffer injury by the greatest 
alternations of frost and thaw, which often disintegrate in a few years the hardest stone, 
nor can it be ground to dust and worn away by the attrition of the feet of men and 
animals, as sandstone, flags, and even blocks of granite are. An asphalt pavement, 
rightly tempered in tenacity, solidity, and elasticity, seems to be incapable of suffering 
abrasion in the most crowded thoroughfares ; a fact exemplified of late in a few places 
in London, but much more extensively, and for a much longer time, in Paris. 

The great Place de la Concorde (formerly Place Louis Quinze) is covered with a 
beautiful mosaic pavement of asphiUt ; many of the promenades on the Boulevards, 
formerly so filthy in wet weather, are now covered with a thin bed of bituminous 
mastich, free alike Irom dust and mud ; the foot-paths of the Pont Royal and Pont 
Carousel, and the areas of the great public slaughter-houses, have been for several 
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years paved in a similar manner with perfect success. It is much to be regretted that 
the asphalt companies of London made the ill-judged, and nearly abortive attempt, 
to pave the cairiage-way near the east end of Oxford street, and especially at a moist 
season, most unpropitions to the laying of bituminous mastich. Being formed of 
blocks not more than three or four inches thick, many of which contained much 
siliceous sand, such a pavement could not possibly resist the crash and vibration of 
many thousand heavy drays, wagons, and omnibuses, daily rolling over it.* This 
failure can afford, however, no argument against rightly-constructed foot-pavements 
and terraces of asphalt. Numerous experiments and observations have led me to 
conclude that fossil bitumen possesses far more valuable properties, for making a 
durable mastich, than the solid pitch obtained by boiling wood or coal tar. The latter, 
when inspissated to a proper degree of hcu-dness, becomes brittle, and may be readily 
crushed into powdec ; while the former, in like circumstances, retains sufficient tena- 
city to resist abrasion. Factitious tar and pitch being generated by the force of fire, 
seem to have a propensity to decompose by the joint agency of water and air, whereas 
mineral pitch has been known to remain for ages without alteration. 

Bitumen alone is not so well adapted for making a substantial mastich as the native 
compound of bitumen and calcareous earth, which has been properly called asphaltic 
rock, of which the richest and most extensive mine is unquestionably that of the 
VtU-de-Travera, in the canton of Neufch&tel. This interesting mineral deposite occurs 
in the Jurassic limestone formation, the equivalent of the English oolite. The mine 
is very accessible, and may be readily excavated by blasting with gunpowder. The 
stone is massive, of irregular fracture, of a liver-brown color, and is interspersed with 
a few minute spangles of calcareous spar. Though it may be scratched with the nail, 
it is difficult to break by the hanmier. When exposed to a very moderate heat it ex- 
hales a fragrant ambrosial smell, a property which at once distinguishes it from all 
compounds of factitious' bitumen. Its specific gravity is 2*114, water being 1,000, 
being nearly the density of bricks. It may be most conveniently analyzed by digesting 
it in successive portions of hot oil of turpentine, whereby it affords 80 parts of a white 
pulveralent carbonic of lime, and 20 parts of bitumen in 100. The asphalt rock of 
Val-de-Travers seems therefore to be far richer than that of Pyrimont, which, ac- 
cording to the statement in the specification of Claridge's patent, of November, 1837, 
contains *' carbonate of lime and bitumen in about the proportion of 90 parts of carbonate 
of lime to about 10 parts of bitumen.^' 

The calcareous matter is so intimately combined and penetrated with the bitumen, 
as to resist the action not only of air and water for any length of time, but even of 
muriatic acid; a circumstance partly due to the total absence of moisture in the 
mineral, but chiefly to the vast incumbent pressure under which the two materials 
have been incorporated in the bowels of the earth. It would indeed be a difficult 
matter to combine, by artificial methods, calcareous earth thus intimately with bitu- 
men, and for this reason the mastichs made in this way are found to be much more 
perishable. Many of the factitious asphalt cements contain a considerable quantity 
oi siliceous sand, from which they derive the property of cracking and crumbling down 
when trodden upon. In fact, there seems to be so little attraction between siliceous 
matter and bitumen, that their parts separate from each other by a very small disrup- 
tive force. 

Since the asphalt rock of Val-de-Travers is naturally rich enough in concrete bitu- 
men, it may be converted into a plastic workable mastich of excellent quality for foot 
pavements and hydraulic works at very little expense, merely by the addition of a very 
small quantity of mineral or coal tar, amounting to not more than 6 or 8 per cent. 
The union between these materials may be effected in an iron caldron, by the applica- 
tion of a very moderate heat, as the asphalt bitumen readily coalesces with the tar into 
a tenacious solid. 

The mode adopted for making the beautiful asphalt pavement at the Place de la 
Concorde in Paris was as follows : The ground was made uniformly smooth, either 
in a horizontal plane or with a gentle slope to carry off the water ; the cnrb-stones 
were then laid round the margin by the mason, about 4 inches above the level of 
the ground. This hoUow space was filled to a depth of 3 inches with concrete, 
containing about a sixth part of hydraulic lime, well pressed upon its l)ed. The sur- 
face was next smoothed with a thin coat of mortar. When the whole mass had be- 
come perfectly dry, the mosaic pattern was set out on the surface, the moulds being 
formed of flat iron bars, rings, &c., about half an inch thick, into which the fluid mastich 
was poured by ladles from a Aldron, and spread evenly over. 

The mastich was made in the following way : The asphalt rock was first of all 
roasted in an oven, about 10 feet long and 3 broad, in order to render it friable.. 

* See the condaiion of this article. 
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The bottom of the oyen was sheet iron, heated below by a brisk Are. A Tolatile 
matter exhaled, probably of the nature of naphtha, to the amount of one fortieth the 
weight of asph^t ; aAer roasting, the asphalt became so friable as to be easily re- 
duced to powder, and passed through a sieve, having meshes about one fourth of an 
ineh square. 

The bitumen destined to render the asphalt fusible and plastic, was melted in small 
quantities at a time, in an iron caldron, and then the asphalt in powder was gradually 
stirred in to the amount of 12 or 13 times the weight of bitumen. When the mix- 
ture became fluid, nearly a bucketful of very small, clean gravel, previously heated 
apart, was stirred into it ; and, as soon as the whole began to simmer with a treacley 
consistence, it was fit for use. It was transported in buckets, and poured into the 
moulds. 

For the reasons above assigned, I consider this addition of rounded, polished, siliceous 
stones to be v^ry injudicious. If anything of the kind be wanted to give solidity to the 
pavement, it should be a granitic or hard calcareous sand, whose angular form wiH 
secure the cohesion of the mass. I conceive, also, that tar, in moderate quantity, 
should be used to give toughness to the asphaltic coml»nation, and prevent its being 
pulverized and abraded by friction. 

In the able report of the Bastenne and Gaujac Bitumen company, drawn up by 
Messrs. Goldsmid and Russell, these gentlemen have made an interesting comparison 
between the properties of mineral tar and vegetable tar : the bitumen composed of the 
latter substance, including various modifications, extracted from coal and gas, have, so 
far as they were able to ascertain, entirely failed. This bitumen, owing to the quali- 
ties and defects of vegetable tar, becomes soft at 115° of Fahrenheit's scale, and is brittle 
at the freezing point ; while the bitumen, into which mineral tar enters, will sustain 
VIQP of heat, without injury. In the course of the winter, 1837-'38, when the cold 
was at ^4i° below zero, C, the bitumen of Bastenne and Gaujae, with which one side of 
the Pont Neuf at Paris is paved, was not at all impaired, and would, apparently, have 
resisted any degree of cold ; while that in some parts of the Boulevard, which was 
c(Hnposed of vegetable tar, cracked and opened in white fissures. The French gov- 
ernment, instructed by these experiments, has required, when any of the vegetable 
bitumens are laid, that the pavement should be an inch and a quarter thick ; whereas* 
where the bitumen composed of mineral tar is used, a thickness of three quarters of 
an inch is deemed sufficient. The pavement of the bonding warehouse at Bordeaux 
has been laid upward of 15 years by the Bastenne company, and is now in a condition 
as perfect as when first formed. The reservoirs constructed to contain the waters of 
the Seine at BatignoUes, near Paris, have been mounted 6 years, and, notwithstanding 
the intense cold of the winter of 1837, which froze the whole of their contents into one 
solid mass, and the perpetual water pressure to which they are exposed, they have not 
betrayed the slightest imperfection in any point. The repairs done to the ancient for- 
tifications at Bayonne, have answered so well, that the government, 2 years ago, 
entered into a very large contract with the company for additional works, while the 
whole of the arches of the St. Germain and St. Cloud railways, and the pavements and 
floorings necessary for these works, are being laid with the Bastenne bitumen. 

The mineral tar in the mines of Bastenne and Gaujac is easily separated from the 
earthy matter with which it is naturally mixed by the process of boiling, and is then 
transported in barrels to Paris or London, being laid down in the latter place to the 
company at 17/. per ton, in virtue of a monopoly of the article purchased by the com- 
pany at a sum, it is said, of 8,0002. 

Mr. Harvey, the able superintendent of the Bastenne company, was good enough 
to supply me wit^ various samples of mineral tar, bitumen, and asphsJtic rock, tor 
analysis. The tar of Bastenne is an exceedingly viscid mass, without any earthy im- 
purity. It has the consistence of baker's dough at 60*^ of Fahrenheit ; at 80° it yields 
to the slightest pressure of the finger; at 150 degrees it resembles a sofl extract ; and 
at 212 degrees it has the fluidity of molasses. It is admirably adapted to give plasticity 
to the calcareous asphalts. 

A specimen of Egyptian asphalt which he brought me, gave, by analysis, the very 
same composition as the Val-de-Travers, namely, 80 per cent, of pure carbonate of 
lime, and 20 of bitumen. A specimen of mastich, prepared in France, was found to 
consist, in 100 parts, of 29 of bitumen, 52 of carbonate of lime, and 19 of siliceous sand. 
A portion of stone called the natural Bastenne rock, afforded me 80 parts of gritty 
siliceous matter and 20 of thick tar. The Trinidad bitiunen contains a considerable 
portion of foreign earthy matter ; one specimen having fielded me 25 per cent, of sili- 
ceous sand ; a second, 28 ; a third, 20 ; and a fourth, 30 : the remainder was pure 
pitch. One specimen of Egyptian bitumen, specific gravity 1»2, was found to be per- 
fectly pure, for it dissolved in oil of turpentine without leaving any appreciable 
residuum. 
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Bobiiifloii'fl Parisian Bitunen company use a mastich made inth the pitch obtained 
from boiling coal-tar mixed with chalk. One piece laid down by thu company at 
Knightobrii^e and anotherat Brighton, are said to have gone to pieces. The portion of 
pavement laid down by them in Oxfoid street, next Charles street, has been taken vp. 
Claridge's company have laid down their mastich under the archway of the Horse* 
Guards, and in the carriage-entrance at the Ordnance Office ; the latter has cracked at 
the junction with the old pavement of Yorkshire curb-stone. The foot-pavement laid 
down by Claridge's company at Whitehall has stood well. The Bastenne company 
has exhibited the best specimen of asphalt pavement in Oxford street ; they have laid 
down an excellent piece of foot-pavement near Northumberland House ; a piece, 40 
feet by 7, on Blaclifriars' Bridge ; they have made a substantial job in paving 830 
superficial feet in front of the guard-room at Woolwich, which, though much traversed 
by foot-passengers, and ^eat by the guard in grounding arms, remains sound ; lastly, 
the floor of the stalls belonging to the cavalry barracks of the Blues at Knightsbridge, 
is probably the best example of asphaltic pavement laid down in this country, as it has 
received no injury from the beating of the horses' feet. 

As the specific gravity of properly-made mastich is nearly double that of water, a 
<jubie foot of it will weigh from 125 to 130 lbs. ; and a square foot, three quarters of 
an inch thick, wiLi weigh very nearly eight pounds. A ton of it will therefore cover 
280 square feet. The prices at which the Bastenne Bitumen company sell their prod* 
acts ia as follows : — 

Pure Mineral tar, 24/. per ton, or 28«. per cwt. 
Mastich SI. Ss, per ton, or lOs. per cwt. 

Side Pavement. Roofa and Terracet. 

From 60 to 100 feet, U. Sd. per foot. - U. 6d. per foot. 

100 260 U. Id. - . is. 4d. 

250 500 Ud. - - U. Id. 

500 750 lOd. ' . U.Od. 

750 1000 9d. . - lid. 

1000 2000 8d. - - lOd. 

2000 5000 7d. - - 9d. 

Where the work exceeds 5,000 feet, contracts may be entered into. 

For filling up joints of brickwork, &c., from Id. to l}d. per foot, run according to 
quantity. 

These prices are calculated for half an inch thickness, at which rate a ton will cover 
420 square feet. 

As the Yal-de-Travers company engage to lay down their rich asphaltic rock in 
London at 5/. per ton ; and as the mineral tar equal to that of Seissel may probably be 
had in England at one fourth the price of that foreign article, they may afford to lay 
their mastich three quarters of an inch thick per the thousand feet, including a sub- 
stratum of concrete, at a rate of fivepence per square foot, instead of fiileenpence, being 
the rate charged under that condition by the Bastenne company. 

These charges are for London and its immediate vicinity. 

Report of the experimental Pavements laid down in Oxford street, from Charles street to 
Tottenham Court Road, Jaimary, 1839. 

1. Robinson's Parisian bitumen, laid in blocks 12 inches square and 5 inches deep; 
the substance is a compound of bitumen, lime, &c., and five granite stones are inserted 
in the top of each block ; the work is laid in straight courses, the joints cemented with 
hot bitumen. The quantity of this is 97 square yards, the length is 20 feet, and the 
price, if adopted, 9«. per square yard. 

2. Same as 1, but the courses laid diagonally. The quantity is 97 square yards, the 
length is 20 feet. 

3. Granite paving, 9 inches deep, jointed with Claridge's asphalt, the work laid in 
straight courses. The cost to the parish has been lis. Id. per yard superficial for the 
stone and laying, &c., no charge being made by Claridge's company for the asphalt. 
The quantity is 240 yards, the length 54 feet. 

4. Granite paving, 4} inches deep, jointed with Claridge's asphalt, the work laid in 
diagonal courses. Cost to the parish 9«. 6d. per square yard. No charge made for 
the asphalt. The quantity is 88 square yards, the length 20 feet. 

5. The Bastenne Bitumen company. The blocks are 12 inches long, 6} wide, and 
31 deep, with bevelled joints, close at bottom, and \ inch .open at top; the joints 
cemented with hot bitumen ; the substance is bituminous, with a very large proportion 
of granite imbedded in each block; the price, if adopted 13«. 6d. per square yard; 
the length, in straight courses, 20 feet. 
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6. Same as 5, but the courses laid diagonally. The length 40 feet ; the total quan- 
tity in 5 and 6 is 274 square yards. 

7. Aberdeen granite paving, 9 inches deep; laid on a concrete bottom, formed of 
gravel and lime, the joints of the pavement run with hot lime grout, in straight courses. 
The length is 69 feet ; cost, 16*. 5d, per square yard. 

8. Same as 7, but the courses laid diagonally ; length 38 feet. 

9. Aberdeen granite paving, 9 inches deep, in straight courses, without a concrete 
bottom ; joints filled with fine gravel ; cost, 12s, 5d, per yard ; length, 24 feet. 

10. The Scotch Asphaltum company. The work is laid in blocks of divers length, 
9 inches wide, and 6^ deep ; the side joints are straight, the end joints are bevelled 
alternately. The work is laid in straight courses, and jointed in Roman cement ; the 
substance is, apparently, a bituminous matter mixed with fine gravel. The length is 
50 feet ; the number of square yards, 210 ; the price, per yard,*if adopted, 13*. 6d. 

11. The wood-paving. The blocks are sexagon on the plan, and (with the excep- 
tion of a few courses that are only 8 inches), 12 inches deep. The work is laid end- 
wise of the grain; the blocks are mostly 8 inches diameter — a few courses are 7 
inches. The material is Norway fir; there is no prepared bottom — the blocks are 
laid on the plain ground, a small layer of gravel being spread to bed them in. From 
the west end, 22 rows of courses of blocks are of wood in its natural state; 31 rows 
have been Kyanised ; 9 rows at the eastern end have been dipped in Claridge's as- 
phalt ; 6 rows have been dipped in a solution prepared by the patentee ; the remain- 
der are of wood in the natural state. The length of this piece is 60 feet : the number 
of yards, 230; price per yard, if approved, 10s, 6d, 

12. Val-de-Travers company. Blocks in straight courses, 12 inches square, 5 inches 
deep, with square joints. The substance of the blocks is bituminous, with a very large 
proportion of granite imbedded in each block, the joints cemented with hot bitumen. 
The length is 26 feet; number of square yards 94; the work is performed gra- 
tuitously. 

13. The same company. A layer of clean chippings and hot asphalt poured thereon. 
The face up, with hot asphalt and broken stone imbedded therein. The length is 25 
feet : number of yards, 94 ; the work is gratuitous. 

14. Same as 9. The length 47 feet. 

By order of the Committee, 

H. Kensett, Chairman. 

Statement of the number of carriages passing through Oxford street at the undernamed 

times and places. 
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BLACK DYE. The mordant much employed in some parts of Germany for this 
dye, with logwood, galls, sumach, &c., is Iron^lum, so called on account of its having 
the crystalline form of alum, though it contains no alumina. It is prepared by dis- 
solving 78 pounds of red oxide of iron in 1 17 pounds of sulphuric acid, diluting this com- 
pound with water, adding to the mixture 87 pounds of sulphate of potash, evaporating 
the solution to the crystallizing point. This potash-sulphate of iron has a fine amethyst 
color when recently prepared ; and though it gets coated in the air with a yellowish 
crust, it is none the worse on this account. As a mordant, a solution of this salt, in 
from 6 to 60 parts of water, serves to communicate and fix a great variety of uniform 
ground colors, from light gray to brown, blue, or jet black, with quercitron, galls, log- 
wood, sumach, &,c., separate or combined. The above solution may be usefully mod- 
ified by adding to every 10 pounds of the iron-alum, dissolved in 8 gallons (80 pounds) 
of warm water, 10 pounds of acetate (sugar) of lead, and leaving the mixture, after 
careful stirring, to settle. Sulphate of lead falls, and the oxide of iron remains com- 
bined with the acetic acid and the potash. After passing through the above mordant, 
the cotton goods should be quickly dried. 

BLACK PIGMENT. A fine lamp-black is obtained by the combustion of a 
thick torch of coal-gas, supplied with a quantity of air adequate to burn only its hydro- 
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gen. In this case, the whole of its carbon is deposited in the form of a very fine black 
powder of extreme lightness. This black is used in making the better qualities of 
printer's ink. 

BLACKING FOR SHOES. {Cirage dea boitea, Fr. ; Schuhschwarze.) 

The following prescription for making liquid and paste blacking is given by William 
Bryant and Edward James, under the title of a patent, dated December, 1836. Their 
improvement consists in the introduction of caoutchouc, with the view, possibly, of 
making the blacking waterproof : — 

18 ounces of caoutchouc are to be dissolved in about 9 pounds of hot rape oil. To 
this solution 60 pounds of fine ivory black, and 45 pounds of molasses> are to be added, 
along with 1 pound of finely ground gum arable, previously dissolved in 20 gallons of 
vinegar, of strength No. 24. These mixed ingredients are to be finely triturated in a 
paint rn\} \ till the mixture becomes perfectly smooth. To this varnish 12 pounds of 
sulphuric acid are to be now added in small successive quantities, with powerful stir- 
ring for half an hour. The blacking thus compounded is allowed to stand for 14 days, 
it ^ing stirred half an hour daily ; at the end of which time, 3 pounds of finely ground 
gum arable are added ; after which the stirring is repeated half an hour every day for 
14 days longer, when the liquid blacking is ready for use. 

In making the paste blacking, the patentees prescribe the above quantity of India 
rubber oil, ivory black, molasses, and gum arable, the latter being dissolved in only 12 
pounds of vinegar. These ingredients are to be well mixed, and then ground together 
in a mill till they form a perfectly smooth paste. To this paste 12 pounds of sulphuric 
acid are to be added in small quantities at a time, with powerful stirring, which is to be 
continued for half an hour after the last portion of the acid has been introduced. This 
paste will be found fit for use in about seven days. 

BLEACHING OF PAPER. The following are the proportions of liquid chloride of 
lime, at 10° of Gay Lussac's Chlorometre, employed for the different sorts of rags, con- 
sisting of two piles, or 200 pounds French. 

Cotton. litres. 

No. 1. Fine cotton rags - . . - - 10 

2. Clean calicoes - - - - - - 12 
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4. White dirty calico, coarse cotton - - •• - 16 

6. Coarse cotton - - - - - - 18 

6. Grey, No. 1 20 

No. 2 22 

Saxon gray - - - - - - -24 

No. 2 26 

Pale white and half-white shades - - - - 28 

Saxon blues ; pale pink, dark blue, velvet - - - 32 

It is considered to be much better to bleach the fine rags with liquid chloride of lime, 
and not with chlorine gas, because they are less injured by the former, and afibrd a 
paper qf more nerve, less apt to break, and more easily sized. But the coarse or gray 
rags are much more economically bleached with the gaseous chlorine, without any risk 
of weakening the fibre too much. Bleaching by the gas is performed alwMS upon the 
sorted rags, which have been boiled in an alkaline ley, and torn into the fibrous state. 
They are subjected to the press, in order to form them into damp cakes, which are bro- 
ken in pieces and placed in large rectangular wooden cisterns. The chlorine gas is in- 
troduced by tubes in the lid of the cistern, which falls down by its superior gravity, 
acting always more strongly upon the rags at the bottom than those above. 

When the chlorine, disengaged from 150 kilogrammes (330 lbs.) of manganese and 
500 kilos, of muriatic acid, is made to act upon 2,500 kilos, of the stuff (supposed dry), 
it will have completed its effect in the course of a. few hours. The quantity of gaseous 
chlorine is equal to what is contained in the quantity of chloride of lime requisite to pro- 
duce a like bleaching result. The bleached stuff should be forthwith carefully washed, 
to remove all the muriatic acid produced from the chlorine ; for if any of this remain 
in the paper, it destroys lithographic stones, and weakens common ink. 

BONE BLACK, or animal charcoal restored. A process for this purpose was made 
the subject of a patent by Messrs. Bancroft and Mac Innes of Liverpool, which consists 
in washing the granular charcoal, or digesting it when finely ground, with a weak solu- 
tion of potash or soda, of specific gravity 1*06. The bone black which has been used 
in sugar refining may be thus restored, but it should be first cleared from all the soluble 
filth by means of water. 

Mr. F. Parker's method, patented in June, 1839, for effecting a like purpose, is, by a 
fresh calcination, as follows : — 
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Fig. 8 represents a front section of the ilimace and retort ; and fig. 9 is a trans- 
verse vertical section of the same, a is a retort, surrounded by the flues of the furnace 





b'j c is a hopper or chamber, to which a constant fresh supply of the black is famished, 
as the preceding portion has been withdrawn, from the lower ^art of a. dia the cool- 
ing vessel, which is connected to the lower part of the retort a by a sand joint e. The 
cooler d is made of thin sheet iron, and is large ; its bottom is closed with a slide plate, 
/. The black, after passing slowly through the retort a into the vessel d, gets so much 
cooled by the time it reaches/, that a portion of it may be safely withdrawn, so as to 
allow more to fall progressively down ; g is the charcoal-meter, with a slide door. 

BOOKBINDING, Mechanical; — An ingenious invention, for which Mr. Thomas 
Richards, of Liverpool, bookbinder, obtained a patent in April, 1842. He employs, 
1st., a mechanism to sew, weave, or bind a number of sheets together to form a book, 
instead of stitching them by hand ; 2d, a table which slides to and fro to feed or 
supply each sheet of paper separately into his machine ; also needle-bars, or holders, 
to present needles with the requisite threads, for stitching such sheets as they are sup- 
plied with in succession. He has, moreover, a series of holding fingers, or pincers, suit- 
ably provided with motions, to enable them to advance and clasp the needles, draw them 
through the sheets of paper, and return them into their respective holders, after thread- 
ing or stitching the sheet ; lastly, there are arms or levers for delivering each sheet 
regularly upon the top of the preceding sheets, in order to form a collection or book of 
such sheets, ready for boarding and finishing. A minute description of the whole ap- 
paratus, witj^lates, is given in Newton? s JouttuU, C. S., xxiii. 157. 

BORACI^ACID. Imported for consumption in 1839, 1,243,868 lbs.; in 1840, 
.524,205 lbs. 

Imported for home consumption in 1839, 498,079 lbs.; in 1840 



BORAX. 
319,126 lbs. 
BRANDY 
duty 



Imported for consumption in 1839, 167,756 galls. ; in 1840, 1,108,578 
1/. 2s. lOd. per imperial proof gallon. 
BRASS, YELLOW. The following table exhibits the composition of several 
varieties of this species of brass. No. 1 is a cast brass of uncertain origin ; 2, the 
brass of Jemappes ; 3, the sheet brass • of Stolberg, near Aix-la-ChapeUe ; 4 and 5, 
the brass for gilding, according to D'Arcet ; 6. the sheet brass of Romilly ; 7, English 
brass wire ; 8^ Augsbuji^ brass wire ; 9, brass wire of Neustadt-Eberswald, in the 
neighborhood of Berlin. 



Copper - 
Zinc - - 
Lead - • 
Tin . - 


1. 

61-6 
S5-3 
2-9 
0-2 


2. 


3. 

64-8 
32-8 
20 
0-4 

1000 


4. 


6. 


6. 


7, 


8. 


9. 


64-6 

33-7 

1-4 

0-2 


63-70 
33-55 
0-2S 
2-50 


64-45 
32-44 
2-86 
0-25 


70-1 
29-9 


7029 

29-26 

0-28 

0-17 


7189 
27-63 

' 85 


70-16 
27-45 
020 
0-79 


1000 


999 


10000 ' 100*00 


10000 


100-37 


98 00 
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The mean proportion of the metals in yellow brass is 30 zinc to 70 copper. 

Tambaky or red brass, in the cast state, is an alloy of copper and zinc, oontaining' 
not more than 20 per cent, of the latter constituent. The following varieties are 
distinguished : 1, 2, 3, tombak for making gilt articles ; 4, French tombak for sword- 
handles, &c. ; 5, tombak of the Okar, near Goslar, in the Hartz ; 6, yellow tombak of 
Paris for gilt ornaments ; 7, tombak for the same purpose from a factory in Hanover; 
8, chrysochalk ; 9, red tombak from Paris ; 10, red tombak of Vienna. 



Copper - 
Zinc - - 
Lead . . 
Till - - 


1. 


t. 


3. 


4. • 5. 


0. 


7. 


8. 


0. 


10. 


830 
180 
15 
30 


83 

18 

3 

1 


82'3 
17-5 

03 


80 
17 

3 


85 
15 

trace. 


853 

14-7 


86 
14 


900 
7-9 
10 


99 
8 


97-8 


104-5 


104 


100-0 


100 I 100 1 


1000 


100 


99-5 


100 


1000 



Pinchbeck is made of 2 parts copper and 1 yellow brass ; 

Prince's metal - 3 - 1 zinc. 

Mannheim gold (semilor), 28. copper, 12 yellow brass, 3 tin. 

Cast white metal buttons are made of an alloy of 32 parts brass (yellow), 4 parts 
zinc, and 2 tin. 

The specific gravity of brass is greater than the mean density of its constituents ; 
varying from 7*82 to 8*73, according to the proportion of zinc to copper. Sheet brass 
varies from 8*52 to 8*62 ; brass wire from 8*49 to 8*73. Brass heated and quickly 
cooled becomes somewhat less dense. The specific gravity of sheet tombak (81*26 
copper + 18*75 zinc) is 8*788 ; of tombak wire (87*5 copper 4- 12*5 zinc) has been 
found so great as 9*00. 

BR£AI). I believe it may be safely asserted that the art of baking bread, pastry, 
and confectionary, is carried in Paris to a pitch of refinement which it has never 
reached in London. I have never seen here any bread which, in flavor, color, and 
texture, rivalled the French pain de gruau. In fact, our corn monopoly laws prevent 
us from getting the proper wheat for preparing, at a moderate price, the genuine 
semoule out of which that bread is baked. Hence, the plebeian bourgeois can daily 
grace his table with a more beautiful piece of bread than the most affluent English 
nobleman. The French process of baking has been recently described, with some 
minuteness, by their distinguished chemist, M. Dumas,* and it merits to be known in 
this country. 

At each operation, the workman (piirisseiir) pours into the kneading-trough the 
residuary leaven of a former kneading, adding the proportion of water which practice 
enjoins, and diffuses the leaven through it with his hands. He then introduces into 
the liquid mass the quantity of flour destined to form the sponge (pate). This flour is 
let down from a chamber above, through a linen hose (manche), which may be shut by 
folding it up at the end. 

The workman now introduces the rest of the flour by degrees, diflfusing and 
mingling it, in a direction from the right to the led end of the trough. When he has 
thus treated the whole mass successively, he repeats the same manipulation from left 
to right. These operations require no little art for their dexterous performance ; hence 
they have the proper name assigned respectively to each, of froAage and c(mtr€- 
frasage. The workman next subjects the dough to three diff'erent kinds of movement, 
in the kneading process. He malaxates it; that is, works it with his hands and 
fingers, in order to mix very exactly its component parts, while he adds the requisite 
quantity of flour. He divides it into six or seven lumps (pdtons), each of which he 
works successively in the same manner. Then he seizes portions of each, to draw 
them out, taking only as much as he can readily grasp in his hands. When he has 
thus kneaded the different lumps, he unites them into one mass, which he extends and 
folds repeatedly back upon itself. He then liils up the whole at several times, and 
dashes it forcibly against the kneading-trough, collecting it finally at its left end. 
The object of these operations is to efi'ect an intimate mixture of the flour, the water, 
and the leaven. No dry powdery spots, called marrons, should be left in any part of 
the dough. 

The kneader has now completed his work ; and after leaving the dough for sometime 
at rest, he turns it upside down. He lays the lumps, of a proper weight, upcm a 
table, roUs them out, and dusts them with a little flour. He next turns over each 
lump, uid puts it in its pamston^ where he leaves it to swell. If the flour be of good 

* Trait€ de Chimie appliqu€e aux Arts, vi., p^ 409. 
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quality, the dough be well made, and the temperature be suitable, the lumps will 
swell much and uniformly. If after the surface has risen, it falls to a considerable 
extent, the flour must be bad, or it must contain other substances, as potato-starch, 
bean-meal, &c. 

Whenever the oven is hot enough, and the dough sufficiently fermented, it is subjected 
to the baking process. Ovens, as at present constructed, are not equably heated 
throughout, and are particularly liable to be chilled near the door, in consequence of 
its being occasionally opened and shut. To this cause M. Dumas ascribes many of the 
defects of ordinary bread ; but he adds, that by adopting the patent invention of 
M. Mouchot these may be obviated. This is called the improved bctkery, boulangerie 
perfectionnee. 

Fig. 10 is a ground plan of the aerothehnal bakehouse, the granaries being in the 
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Upper stories, and not shown here. 6, b are the ovens ; c, the kneading-machine ; d, 
the place where the machinery is mounted for hoisting up the bread into the store- 
room above ; 6, a space conmion to the two ovens, into which the hot air passes ; /, the 
place of a wheel driven by dogs, for giving motion to the kneading-machine. 

Fig. 11 is a longitudinal section of the oven ; A, the grate where coke or even pit- 
coals may be burned ; B, B, void spaces which, becoming heated, serve for warming 
small pieces of dough in ; Cy c, are flues for conducting the smoke, &c., from the fire- 
place; D, seen in jig. 12, is the chimney for carrying off" the smoke transmitted by the 
flues ; £, E, void spaces immediately over the flues, and beneath the sole, F, F, of the 
oven. By this arrangement the air, previously heated, which arrives from the void 
spaces B through the flues c, c, gets the benefit of the heat of the flame which circu- 
lates in these flues, and, after getting more heated in the spaces E, £, ascends through 
channels into the oven F, F, upon the sole of which the loaves to be baked are laid. 
The hot air is admitted into it through the passages a, a, being drawn from the reser- 
voirs B, B, B, and also by the passage d, d, drawn from the reservoirs E, E. The 
sole is likewise heated by contact with the hot air contained in the space E, E, placed 
immediately below it. The hot air, loaded with moisture, issues by the passage 6, b, 
and returns directly into the reservoir B, B. G, G, an enclosed space directly over 
the oven, to obstruct the dissipation of its heat ; g, vault of the fireplace. Fig. 12, a 
transverse section through the middle of the oven. Fig. 13, the kneading-machine, a 
longitudinal section passing through its axis ; P, P, the contour of the machine, made 
of wood, and divided into three compartments for the reception of the dough. The 
wooden bars o, o, are so placed in the interior of the compartments, as to divide the 
dough whenever the cylinder is made to revolve. One portion, D, of the cylinder may 
be opened and laid over upon the other by means of a hinge joint, when the dough and 
flour are introduced. A, B, C, the three compartments of the machine, two for making 
the dough, and one for preparing the sponge, called levain, or leaven, by the French, a, a, 
18 the pulley which receives its motion from the engine, and transmits it to the cylinder 
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through the pinion b, and the spur-wheel « ; d, d, the fly-wheel to regulate the motion ; 
g, a brake to act upon the fly d, by means of a lever h ; t, the pillar of the fly-wheel. 

11. 




There is a rachet wheel counter for numbering the turns of the kneading machine, but 
it can not be shown in this view ; «, cross bars of wood, which are easily removed when 
the cylinder is opened ; they divide the dough. 
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• Each of the three compartments of the kneader (fig. 13) is furnished at pleasure 
with two bars fixed crosswise, but which may be easily removed, whenever the 
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cylinder is opened. These bars constitute the sole agents for drawing out the dough. 
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In a continuous operation, the leaven is constantly prepared in the compartment A ; 
with which view there is put into it — 

125 kilogrammes of ordinary leaven or yeast. 

67 flour. 

33 water. 

In all 225 kilogrammes. 

The person in charge of the mechanical kneader shuts down its lid, and sets it 
a-going. At the end of about seven minutes he hears the bell of the counter sound, 
announcing that the number of revolutions has been sufficient to call for an inspection 
of the sponge, in regard to its consistence. The cylinder is therefore opened, and 
after verifying the right state of the leaven, and adding water to soften, or flour to 
' stiffen it, he closes the lid, and sets the machine once more in motion. In ten minutes 
more the counter sounds again, and the kneading is completed. The 450 kilo- 
grammes of leaven obtained from the two compartments are adequate to prepare 
dough enough to supply alternately each of the two ovens. For this purpose 75 
kilogrammes of leaven are taken from each of the two compartments A and A', and 
placed in the intermediate compartment B. The whole leaven is then 75+75=150 
kilogrammes ; to which are added 100 kilogs. of flour and 50 of water =150, so that 
the chest contains 300 kilogrammes. There is now replaced in each of the cavities A 
and A' the primitive quantity, by adding 50 kilogrammes of flour and 25 of 
water=75. 

The cylinder is again set a-going j and from the nature of the apparatus, it is 
obvious that the kneading takes place at once on the leavens A and A' and on the 
paste B; which last is examined sifler 7 minutes, and completed in 10 more=17, at 
the second sound of the counter-bell. • 

The kneader is opened, the paste on the side and on the bars is gathered to the 
bottom by means of a scraper. The whole paste of the chest B being removed, 150 
kilogs. of the leaven are taken, to which 150 kilogs. of flour and water are added to 
prepare the 300 kilogs. of paste destined for the supply of the oven No. 2. These 
75 kilogs. of leaven from each compartment are replaced as before, and so on in suc- 
cession. 

The water used in this operation is raised to the proper temperature, viz. 25® or 
30° C. (IT or 86® F.) in cold weather, and to about 68° F. in the hot season, by 
mixing common cold water with the due proportion of water maintained at the tem- 
perature of about 160° F., in the basin F placed above the ovens. 

Through the water poured at each operation upon the flour in the compartment B, 
there is previously diffused from 200 to 250 grammes of fresh leaven, as obtained from 
the brewery, after being drained and pressed (German yeast). This quantity is 
sufficient to raise preperly 300 kilogs. of dough. As soon as this dough is taken out 
of the kneader, as stated above, and while the machine goes* on to work, the quantity 
requisite for each loaf is weighed, turned about on the table D, to give it its round or 
oblong form, and there is impressed upon it with the fore-arm or roller, the cavity- 
which characterizes cleft loaves. All the lots of dough of the size of one kilog., 
called cleft loaves {pains fendus) are placed upon a cloth a fold of which is raised 
between two loaves, the cloth being first spread upon a board ; which thus charged 
with 10 or 15 loaves is transferred to the wooden shelves G G in front of the oven. 

The whole of them rise'easily under the influence of the gentle temperature of this ante- 
chamber or foumU. Whenever the dough loaves are sufficiently raised here, they are 
put into the oven, a process called enfoumement in France ; which consists in setting 
each loaf on a wooden shovel dusted with coarse flour, and placing it thereby on the 
sole of the oven, close to its fellow, without touching it. This operation is made easy, in 
consequence of the introduction of a long jointed gas-pipe and burner into the interior 
of the oven^ by the light of which all parts of it may be minutely examined. The oven 
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b fifst kept moderately hot, by shutting the dampen; bat whenerer the thermometei 
attached to it indicates a temperature of from 300° to 290° C. (572° to 554° F.), 
the dampers or registers are opened, to restore the heat to its original degree, by 
allowing of the circulation of the hot air, which rises from the lower cavities around 
the fireplace into the interior of the oven. When the baking is completed the gas- 
light, which had been withdrawn, is again introduced into the oven, and the bret^ is 
tiUcen out ; called the process of dtfoumement. If the temperature had been main- 
tained at about 300^ C, the 300 kilogs. of dough divided into loaves of one kilog. 
(2} lbs. avoirdupois) will be baked in 27 minutes. The charging having lasted 10 
minutes, and the discharging as long, the baking of each batch will take up 47 minutes. 
But on account of accidental interruptions, an hour, may be assigned for each charge 
of 260 loaves of 1 kilog. each ; being at the rate of 6240 kUogs. (or 6-75 tons) of bread 
in 24 hours. 

Although the outer parts of the loaves be exposed to the radiation of the walls, 
heated to 280^ or 300^ C, and undergo therefore that kind of caramelization (charring) 
which produces the color, the taste, and the other special characters of the crust, yet 
the inner substance of the loaves, or the crumb, never attains to nearly so high a tem- 
perature; for a thermometer, whose bulb is inserted into the heart of a loaf, does not 
indicate more than 100^ C. (212^ F.) 

The theory of 'panification (bread-baking) is easy of comprehension. The flour 
owes this valuable quality to the gluten, which it contains in greater abundance than 
any of the other cerealia (kinds of corn). This substance does not constitute, as had 
been heretofore imagined, the membranes of the tissue of the perisperm of the wheat ; 
but is enclosed in cells of that tissue under the epidermic coats, even to the centre of 
the grain. In this respect the gluten lies in a situation analogous to that of the starch, 
and of most of the immediate principles of vegetables. The other immediate principles 
which play a part in panification are particularly the starch and the sugar ; and they 
all operate as follows : — 

The diffusion of the flour through the water, hydrates the starch and dissolves the 
sugar, the albumen, and some other soluble matters. The kneading of the dough, by 
completing these reactions through a more intimate union, favors also the fermen- 
tation of the sugar, by bringing its particles into close contact with those of the 
leaven or yeast ; and the drawing out and malaxating the dough softens and stratifies it, 
introducing at the same time oxygen to aid the fermentation. The dough, when 
distributed and fofmed into loaves, is kept some time in a gentle warmth, in the folds 
of the cloth, pans, &c., a circumstance propitious to the development of their volume 
by fermentation. The dimensions of all the lumps of -dough now gradually enlarge, 
from the disengagement of carbonic acid in the decomposition of the sugar ; which gas 
is imprisoned by the glutinous paste. Were these phenomena to continue too long, 
the. doui^h would become too vesicular ; they must, therefore, be stopped at the proper 
point of sponginess, by placing the loaf lumps in the oven. Though this causes a 
sudden expansion of the enclosed gaseous globules, it puts an end to the fermentation, 
and to their growth ; as also evaporates a portion of the water. 

The fermentation of a small dose of su8:ar is, therefore, essential to true bread- 
baking ; but the quantity actually fermented is so small as to be almost inappreciable. 
It seems probable that in well-made dough the whole carbonic acid that is generated 
remains in it; amounting to one half the volume of the loaf itself at its baking tempera- 
ture, or 212". It thence results that less than one hundredth part of the weight of the 
flour is all the sugar requisite to produce well-raised bread. What egregious folly was 
it, therefore, to mount the bakery in Chelsea, twelve years ago, at an expense of 20,0002., 
for the purpose of catching the volaUle spirits in their escape from the loaves in the 
oven— or, as it was vulgarly termed, " taking the gin out of the bread !** whereas it was 
nothing but taking the cash out of the pockets of the pseudo-chemical visionaries who 
swarm in this metropolis. 

The richness or nutritive powers of sound flour and also of bread are proportional to 
the quantity of gluten they contain. It is of great importance to determine this point, 
for both of these objects are of enormous value and consumption ; and it may be accom- 
plished most easily and exactly by digesting in a water-bath, at the temperature of 167° 
F., 1,000 grains of bread (or flour) with 1,000 grains pf bruised barley-malt, in 5,000 
grains, or in a little more than half a pint, of water. ^ When this mixture ceases to take 
a blue color from iodine (that is, when all the starch is converted into soluble dextrine) 
the gluten leA unchanged may be collected on a filter cloth, washed, dried at a heat of 
212^, and weighed. The color, texture, and taste of the gluten, ought also to be ex- 
amined, in forming a judgment of good flour, or bread. 

Independently of the skill of the baker, bread varies in quality according to the 
quantity of water and gluten it contains. A patent of German or French origin was 
obtained here a few years ago, for manufacturing loaf-bread by using thin boiled flour- 
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paste instead of watei^ for setting the sponge, that is, for the preliminary dough fennen- 
tation. By this artifice, 104 loaves of 4 lbs. each conld be made out of a sack of flonv, 
instead of 94, as in ordinary baking ; because the boiled paste gave a water-keeping 
faculty to the bread in that proportion. But this kydrated bread was apt to spoil in 
warm weather, and became an unprofitable speculation to all concerned. 

Bread and flour are often adulterated in France with potato-starch, but almost never, 
I believe, in this country. This sophistication is easily detected by the microscope, on 
account of the peculiar ovoid shape and the large size of the particles of the potato 
fecula. Horse-bean flour gives to wheaten bread a pinkish tint. In spoiled flour 
(such as is too often used, partially at least, by our inferior bakers) the gluten some- 
times disappears altogether, and is replaced by ammoniacal salts.* JTn this case quick- 
lime separates ammonia from the flour without heat ; in flour slightly damaged, or 
ground from damaged wheat, the gluten present is deprived of its elasticity, and ia 
softer than in the natural state. On this account the gluten test of M . Boland is val- 
uable. It consists in putting some gluten into the bottom of a copper tube, and heat- 
ing that tube in an oven, or in oil, at a tempwature of 284° F. The length to which the 
cylinder of gluten expands is proportional to and indicates its quality. 

It appears that a French sack of flour, which weighs 159 kilogrammes, aflfords from 
102 to 106 loaves of 2 kilogrammes each : and therefore, 

159 : 52-0 : : 280 : 91-6 : that is, if 159 kilogs. or lbs. aflford 52 loaves of 4 kilogs. 
or lbs., 280 lbs., a sack English, should aflford 91*6 loaves of 4 lbs. each ; but our 
bakers usually make out 94 loaves, which are rated at 4 pounds, though they seldom 
weigh so much. The loaves of a baker in my neighborhood, who supplied by family 
with bread for some time, were found on trial to be from 6 to 8 oz. deficient in weight ; 
when challenged for this fraud, he had the eflfrontery to palliate it by alleging that all 
his neighbor bakers did the same. It must be borne in mind that a Paris loaf of 2 lbs. 
or 2 kilogs. contains more dry farina than a London loaf of like weight ; for it contains, 
from its form and texture, more crust. The crumb is to the crust in the Paris long 
loaves, as 25 to 75, or 1 to 3 : in our quartern loaves it is as 18 or 20 to 100. 

M. Dumas gives the following table : — 



Weight of a 
sack of flour. 


Number of 
loaves. 


Weight of the 
bread. 


Increase of 
weight of flour. 


Ratio of dry flour 
= 1, to bread. 


159 Kilogg. 
159 do. 
159 do. 


102 
104 
106 • 


202 Kilogs. 
208 do. 
212 do. 


1-283 
1-300 
1-333 


1 : 1-60 



Thus it would appear that the mean yield would correspond to 130 kilogs. of bread 
for 100 of the flour employed ; and admitting that common flour contains 0-17 of water, 
the product would be equivalent to 150 of bread for 100 of flour absolutely dry. The 
whole loaf contains 66 per cent, of dry substance, and the crumb only 44. 

BRICKS. Mr. F. W. Simms, C. E., communicated to the Institution of Civil En- 
gineers, in April and May, 1843, an account of the process of brick-making for the 
Dover railway. The plan adopted is called slop-moulding, because the mould is dipped 
into water before receiving the clay, instead of being sanded as in making sand-stock 
bricks. The workman throws the proper lump of clay with some force into the mould, 
presses it down with his hands to All the cavities, and then strikes oflf the surplus clay 
with a stick. An attendant boy, who has previously placed another mould in a water 
trough by the side of the moulding-table, takes the mould just filled, and carries it to 
the floor, where he carefully drops the brick from the mould on its flat side, and leaves 
it to dry ; by the time he has returned to the moulding-table, and deposited the empty 
mould in the water-trough, the brickmaker will have filled the other mould, far the 
boy to convey to the fioor, where they are allowed to dry, and are then stacked in 
readiness for being burned in clamps or kilns. The average product is shown in the 
following table : — 



Force employed. 


Area of land. 


Duration of season. 


Produce per week. 


Produce per season. 




Roods. Perches. 


Weeks. 


Bricks. 


Bricks. 


1 moulder -f 










1 temperer - 










1 wheeler - > 


2 Hi 


22 


16,100 


354,200 


1 carrier boy - 










1 picker boy- j 
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It appears that while the produce in sand-stock bncks is to that of slop-bricks in the 
same time as 30 to 16, the amoont of labor is as 7 to 4 ; while the quantity of land, 
and the cost of labor per thousand, is nearly the same in both processes. The qnanr 
tity of coal consumed in the kiln was at the rate of 10 cwt. 81bs. per thousand bricks. 
The cost of the bricks was 21. Is, 6d, per thousand. The slop-made bricks are 
fully 1 pound heavier than the sand-stock. Mr. Bennett stated to the meeting, that 
at his brick-field at Cowley, the average number of sand-stock bricks moulded was 
32,000; but that frequently so many as 37,000, or even 50,000, were formed. The 
total amount in the shrinkage of his bricks was |^ of an inch upop 10 inches in length ; 
but this difl'ered with the different clays. Mr. Simms objected to the use of machinery 
in brick-making, because it caused economy only in the moulding, which constituted no 
more than about one eighth of the total expense. 

The principal varieties of bricks are called malm,paviorSf stocks, grizzles, places, nud 
thuffs. For the first and best kind, the clay was washed and selected with care ; 
stocks were good enough for ordinary building purposes ; the rest are inferior. The 
difference in price between malms, paviors, and stocks, was 15*. or 20*. per 1,000 ; be- 
tween stocks and places, 10*. The average weight of a sand-stock brick is fully 6 
pounds, that of a slop is 1 pound more. 

I believe that the siliceous sand on the surface of the sand-stocks is useful in favor- 
ing adhesion of mortar, by the production of a silicate of lime. To smooth aluminous 
bricks, mortar sometimes forms no stony adhesion. 

Mr. Prosser, of Birmingham, makes bricks by pressure. The clay is first ground 
upon a slip kiln, as if for making pottery, then ground to a fine powder, and in that 
dry state it is subjected to the heavy pressure of about 250 tons, in strong metal 
moulds, by which means it is reduced to about one third of its original thickness. 
The clay seems to have retained sufficient moisture to give it cohesion, and the tiles 
are perfectly sharp at the edges. They being then baked within seggars by the heat of 
a kiln, seldom crack in the baking. The bricks thus formed are denser than usual, and 
weigh 6i lbs., with a specific gravity of 2*5. 

Fig. 14., represents Mr. Hunt^ brick-making machine. The principal working 




parts consist of 2 cylinders, each covered by an endless web, and so placed as to form 
the front and back of a hopper, the two sides being iron plates, placed so that when 
the hopper is filled with tempered clay from the pug-mill, the lower part of the 
hopper, and consequently the mass of clay within it, has exactly the dimensions of 
a brick. Beneath the hopper an endless chain traverses simultaneously with the 
movement of the cylinders. The pallet-boards are laid at given intervals upon the 
chain, and being thus placed under the hopper, while the clay is brought down with 
a slight pressure, a frame with a wire stretched across it, is projected through the umm 
of clay, cutting off exactly the thickness of the brick, which is removed at the same 
moment by the forward movement of the endless chain. This operation is repeated 
each time that a pallet-board comes under the hopper. 

The chief object of this machine, which is worked by hand, is to produce good 
square compact bricks of uniform quality, using only a slight pressure. It has been 
found to be very difficult to dry bricks made by machinery, where a considerable pres- 
sure has been employed, because, before the evaporation from the centre of the clay if 
completed, the suifaces have become hard and peel off. The present machine is in 
operation in several parts of England, producing usually about 1,200 bricks per hou^ 
while each machine requires only 2 men and 3 boys to tend it, and to take off the 
bricks. The clot-moulders are dispensed with, and Uie workmen are common laborers, 
so that professed brick-makers at higher wages are not needed. 

Fig. 15 shows Mr. Hunt's machine for making tiles, and it is on the same principle. 
It consists of two iron cylinders^ round which webs or bands of cloth revolve^ wherebf 
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the clay is pressed into a slab of uniform thickness, without adhering to the cylinders. 
It is then carried over a covered wheel, carved on the rim, which gives the tile the 
semi-cylindrical or other required form ; after which the tiles are polished and finished 




hy passing through three iron moulds of a horse-shoe form, as shown in the centre of 
the cut, while they are at the same time moistened from a water cylinder placed above 
them. The tiles are next cut oft" to such lengths as are wanted, and carried away by 
an endless web, whence they are transferred by boys to the drying shelves. 

Flat tiles, for sole pieces to draining tiles, are formed in nearly the same manner, 
being divided into two portions while passing through the moulds ; the quantity of clay 
used for one draining tile being as much as for two soles. 

The method of making bricks in the vicinity of London differed from that of almost 
all other places, because the material there employed is not pure clay, but a loam of 
a slightly cohesive nature, which will not admit of its being used in the natural 
state and burned in close kilns with coal ; but with an admixture of ashes it becomes 
sufficiently tenacious to be formed into bricks, by inducing a slight semi-fusion. But 
the coal-ashes are also of advantage in the process of burning, because they enable the 
fire to spread gradually from the lower tiers, through the whole mass in the kiln or 
damp, and thus obviate the effect of an intense partial heat, where distinct coal fires 
are trusted to alone, whereby the bricks nearest it get vitrified and glazed. 

The brick kilns and clamps round London, and other large cities, which are fired 
with the breeze-rubbish coUected from dust holes, that contain the refuse of kitchens, 
fcc, emit, in consequence, most unpleasant efiluvia ; but brick-kilns fired with clean 
coke or coals, give out no gases of a more noxious nature than common household fires. 
The consideration of this subject was closely pressed upon my attention on being con- 
sulted concerning an injunction issued by the chancellor against a brick clamp in the 
Isle of Wight, fired with clean coke cinders from the steam-engine furnace at Ports- 
mouth Dodk Yard. The bricks being of the description called sand-stock, were of 
course made in moulds very slightly dusted with sand, to make them fall freely out. 
The sand was brought from Portsmouth harbor, and on being subjected to a degree 
of heat, more intense certainly than it would suffer in the clamp, was discovered by two 
chemical witnesses to give out traces of hydrochloric acid. ^ Not content with this 
trivial indication, the said chemists, in their evidence before the courts of law, paraded 
a train of goblin gases, as the probable products of the pre-adjudicated clamp. 

As it is well known to the chemist that common salt strongly ignited in contact with 
moist sand will emit hydrochloric acid, there was nothing remarkable in the above 
observation, but I ascertained that the sand with which the moulds were strewed would 
give out no hydrochloric acid, at a heat equal at least to what the bricks were exposed 
to in a clamp 10 or 12 feet high, and fired at its bottom only with a layer of cinders 
8 or 4 inches thick. But I further demonstrated that the entire substance of the brick 
with its scanty film of sand, on being exposed to ignition in a suitable apparatus, gave 
out, not hydrochk)ric or any other corrosive acid, but ammonia gas. v Hence, the 
allegations that the clamp sent forth a host of acid gases to blight the neighboring 
trees, were shown to be utterly groundless ; on the contrary, the ammonia evolved from 
llie heated clay would act beneficially upon vegetation, while it was too small in quantity 
to annoy any human being. A few yards to leeward of a similar clamp, in full activity, 
I could perceive no offensive odor. AH ferruginous clay, when exposed to the atmo- 
sphere, absorbs ammonia from it, and of course emits it again on being gently ignited. 
It is a reproach to science when, as in the above case, it lends itself to judicial prejudice 
•nd oppression. 
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BRONZING {of Objects in Imitatum of Metallic Bronze). Plaster of Paris, papery 
wood, and pasteboard, may be made to resemble pretty closely the appearance of articlef 
of real bronze, modem or antique.' The simplest way of giving a brilliant aspect of 
this kind is with a varnish made of the waste gold leaf of the beater, ground up on n 
porphyry slab with honey or gum-water. A coat of drying linseed-oil should be firft 
applied, and then the metallic powder is put on with a linen dossil. Mosaic gold 
ground up with six parts of bone-ashes has been used in the same way. When it is 
to be put on paper, it should be ground up alone with white of eggs or spirit varnish, 
applied with a brush and burnished when dry. When a plate of iron is plunged into 
a hot solution of sulphate of copper, it throws down fine scales of copper, which being 
repeatedly washed with water, and ground along with six times its weight of bone- 
ashes, forms a tolerable bronzing. 

Powdered and sifted tin may be mixed with a clear solution of isinglass, applied 
with a brush, and burnished or not, according as a bright or dead surface is desired. 
Gypsum casts are commonly bronzed' by rubbing brilliant black-lead, graphite, upon 
them with a cloth or brush. Real bronze long exposed the air gets covered with n 
thin film of carbonate of copper, called by virtuosi antique trrugo (patine aniigue, Fr.) 
This may be imitated in a certain degree by several applications skilfully made. Th« 
new bronze being turned or filed into a bright surface, and rubbed over with dilute 
aquafortis by a linen rag or brush, will become at first grayish, and afterward take % 
greenish blue tint ; or we may pass repeatedly over the surface a liquor composed of 
1 part of sal ammoniac, three x>arts of carbonate of potash, and 6 of sea salt, dissolved in 
12 parts of boiling water, to which 8 parts of nitrate of copper are to be added ; the 
tint thereby produced is at first unequal and crude, but it becomes more uniform and 
softer by time. A fine green-blue bronze may be obtained with very strong water of 
• ammonia alone, rubbing it at intervals several times upon the metal. 

The base of most of the secret compositions for giving the antique appearance is 
vinegar with sal anmicniac. Skilful workmen use a solution of 2 ounces of that salt in 
an English quart of French vinegar. Another compound which gives good results it 
made with an ounce of sal ammoniac, and a quarter of aji ounce of salt of sorrel (binox- 
alate of potash) , dissolved in vinegar. One eminent Parisian sculptor makes use of a mix- 
ture of half an ounce of sal ammoniac, half an ounce of common salt, an ounce of spirita 
of hartshorn, and an English quart of vinegar. A good result will also be obtained by 
adding half an ounce of sal ammoniac, instead of the spirits of hartshorn. The piece 
of metal being well cleaned, is to be rubbed with one of these solutions, and then dried 
by friction with a fresh brush. If the hue be found too pale at the end of two or 
three days, the operation may be repeated. It is found to be more advantageous to 
operate in the sunshine than in the shade. 

BUDE LIGHT. See Gas light. 

BUTTER is the fatty matter of milk, usually of that of the cow. Milk is com- 
posed of butter, caseine, sugar of milk, several salts, and water. The butter exists itt 
the form of very small globules of nearly uniform size, quite transparent, and strongly 
refractive of light. Milk left in repose throws up the lighter particles of butter to tike 
surface as cream. It was imagined thai the butter was separated in the process of 
churning, in consequence of the milk becoming sour; but this is not the case ; far milk 
rendered alkaline by bi-carbonate of potash affords its butter fully more readily than 
acidulous milk. The best temperature for churning milk or cream is 53® F. ; that of 
60° is too high ; and under 50® it is too low. By the churning action the heat rises from 
3 to 4 degrees F. All the particles of butter are never separated, by chummg ; many 
remain diffused through the butter-milk, and are easily discoverable by the microscope. 
These are more numerous in proportion to the bulk, of the liquid; and hence it is more 
economical to churn cream than the whole milk which affords it. It is computed that 
a cow which gives 1,800 quarts (old -English) of milk per annum, eats in that time 8,000 
lbs. of hay, and produces 140 lbs. of butter.* Analysis shows' that this weight 
of hay contains 168 pounds of fat.. The finest flavored butter is obtained from milk 
churned not long after it is drawn ; but the largest proportion is derived from the 
cream thrown up by milk after standing 24 hours, in a temperature of about 50® F. 
The butter-milk which contains the very fermentable substance, caseine, should be well 
separated from the butter by washing with cold water, and by beating with the hands^ 
or preferably, without water, for the sake of fine flavor, by the action of a press. 
• The French purify their butter by melting it in pots, plunged into water heated to 
200® or 212? ; and sometimes they mix a pure brine with the melting butter, whereby 
they favor the subsidence of the coagulated caseine and other impurities. The super- 
natant clear butter should be drawn or poured off, and rapidly cooled, to prevent the 
crystallization of its stearine and separation of its oleine, which injure its flavor and 
appearance. 

* Two pounds and a qaaiter of hay correspond to one qnart of good milk ; and a cow which tats 
10,500 Iba. of hay will produce 300 Ite. of butter per annnm. 
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CALCIUM. The atomic weight of this element being an important point, both as 
to pure chemistry and the chemical arts, has been the subject of innumerable researches. 
Very lately Berzelius, in the jSwnalen der Chemie und Pharmacie^ XLVI. p. 241, has 
collated the most recent results of the analysis of other philosophers with his own ; and 
while Dumas, Marchand, and Erdmann estimate the weight at 20, that of hydrogen=l, 
or 250 oxygen=100, he finds it ought to be, as coippareid with the latter, 251'9; and 
to the former, 20-152. 

CALICO PRINTING {4-col(yr machine). Of this beautiful and effective mechan- 
ism an accurate section is exhibited at p. 220 of the Dictionary. The outside work- 
ing gear is shown in^g. 16., where A, A, is a part of the two strong iron frames or 




eheeks in which the various rollers are mounted. They are bound together by the 
rods and bolts a, a, a. B, is the large iron pressure cj^inder, which rests with its 
gudgeons in bearings or bushes, which can be shifted up and down in slots of the side 
cheeks A, A. These bushes are suspended from powerful screws, 5, which turn in 
brass nuts, made fast to the top of the frame A, as is plainly shown m the figure. 
These screws serve to counteract the strong pressure applied beneath that cylinder by 
the engraved cylinders D, E. _ . . 

C, D, E, F, are four printing cylinders, named in the order of their operation. 
They consist of strong tubes of copper or gun metal, forcibly thrust by a screw press 
upon the iron mandrels, round which as shafts they revolve. The first and last cylm- 
ders, C and F, are mounted in brass bearings, which may be shifted in horizontal slots 
of the frame A. The pressure roUer B, against whose surface they bear with a very 
Uttle obliquity downward, may be nicely adjusted to that pressure by its elevaUng and 
depressing screws. By this means C and F can be adjusted to B with geometrical 
precision, and made to press it in truly opposite directions. 
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The bearings of the cylinders B and £ are lodged also in slots of the frame A, 
which point obliquely upward toward the centre of B. The pressure of these two 
-print cylinders, C and F, is produced by two screws, c and d, which work in brass nuts 
made fast to the frame, and very visible in the figure. The framework in which these 
bearings and screws are placed has a curvilinear form, in order to permit the cylinders 
to be readily removed and replaced, and also to introduce a certain degree of elasticity 
Hence the pressure applied to the cylinders C and jP partakes of the nature of a spring, 
a circumstance essential to their working smoothly, notwithstanding the occasional 
inequalities in the thickness of the felt web and the calico. 

The pressure upon the other two print cylinders, D and E, is produced by weights 
acting withjevers against the bearings. The bearings of D are, at each of their ends, 
acted upon by cylindrical rods, which slide in long tubular bosses of the frame, and 
press with their nuts g. at their under end upon the smaller arms of two strong levers 
G, which lie on each side of the machine, and whose fulcrum is at A (in the lower 
comer at the left hand). The longer arms, of these levers, G, are loaded with weights, 
H, whereby they are made to press up against the bearings of the roller D, with any 
desired degree of force, by screwing up the nut g, and hanging on the requisite 
weights. 

The manner in which the cylinder £ is pressed up against B is by a similar con- 
struction to that just described. With each of its bearings there is connected, by 
the link k, a curved lever, I, whose fulcrum or centre of motion is at o. By turning, 
therefore, the screw m, the weight L, laid upon the end of the longer arm of the lever K 
(of which there is one on each side of the machine), may be made to act or not at pleas- 
ure upon the bearings of the cylinder £. The operation of this exquisite machyie 
is minutely described in the Dictionary, pp. 220, 22 K 

A patent was obtained in August, 1839, by Mr. J. C. Miller of Manchester, for cer- 
tain improvements in printing calicoes, consisting of a modified mechanism, by which 
the same efiect can be produced as by block printing. 

Figs, 17, 18, 19, are several views of this machine, calculated to print two pieces, or 
two d^erent patterns (on the same block) of calico, side by side, or four pieces, the 
carriage printing both ways, the intended device consisting of four colors to be printed 
from blocks. 




Fig. 17 represents a side elevation, fig, 18 a front view, and fig, 19 
verse section, taken nearly through the middle of the machine. 
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The side or main framing is shown at a, «r, supportii^ the color boxes b, 5, 6, wiA 
their doctors ; the furnishing tables or beds, c, c, e (substitutes for the sieves in ordinary 
block printing); the printing table, d, d\ and the feeding drying and coloriof 
roUers,/,/, g, g, A, A. 

18 




The machine is abo provided with a carriage, t, t, for the printing blocks, y, j, j. 
This carriasfe, t, t, travels in and out at suitable ihtervals upon rails, k, k, attached to 
the main framing. 

The operation of the machine is effected by passing a driving strap, /, round the 
driving pulley m, fixed at the extremity of the main driving shaft, «, «. At the other 
end of this shaft, the bevil pinion, o, is keyed, gearing at suitable intervals with the bevil 
wheel ;7,which is mounted upon the end of the cross shaft q ; at about the middle of 
this shah, the mitre wheels r, r, driving- the upright shaft «, «, and miire wheels iy /, 
above, actuate, by means of the spur pinions «, «, the feeding rollers/,/, and thus draw 
the pieces of goods into the machine. 

Simultaneously with the progress of the cloth, the mitre wheels r, v, at the other 
end of the cross shaft q, drive the furnishing rollers w, w, w, by means of the spur gear> 
ing X, X, X, The furnishing rollers, revolving in their respective color-boxes, spread or 
apply the colors upon the travelling endless blankets, y, y, y, which pass round the top 
roller and the furnishing tables or beds, c, c, c, in order to supply the colors to the 
surfaces of the printing blocks, j, j, j. Either beds or the backs of the printing blocks 
may be made slightly elastic, to insure the perfect taking up of the colors. 

Supposing the carriage, t, t, to be run out upon its railways, at the farthest point from 
the beds c, c, it is drawn inward toward the furnishing beds c, c, by means of the 
spur-wheel x, upon the driving-shaft n, taking into a small pinion, 1 (shown by dots 
in fig. 17), upon the shaft, 2. On the end of this shaft is also keyed the mangle 
pinion, 3, gearing in the mangle wheel, 4, which is keyed upon the end of the shaft, 6 
This shaft drives the spur-wheel, 6, in gear with the pinion, 7, made fast to the shaft, t 
{see fig. 19). 

Upon either end of the shaft, 5, is a rack pinion, 9, taking into the horizontal rack 10, 
made fast to the carriage-frame, i, i ; and thus the blocks, j, j, are presented to the fur- 
nishing blankets y, y, y, and take a supply of color ready for printing. The travelling- 
carriage and blocks now retire, by the agency of the mangle-wheel and pinion, 3 and 4, 
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tbe pinion being fixed upon the end of the shaft, 2, and the wheel npon the other shall 
in a line with the shaA, 2. At this time another operation of the machine takes 
place.. 




Upon the reverse end of the shaft, 5, is a pinion, 11, gearing with the spur-wheel, 12; 
and by means of the spur gearing, 6 and 13, and counter-shafl, 14, the pinion, 15, drives 
the spur-wheel, 16, which corresponds to the wheel, 12, on the other side of the machine. 
To one of these spur-wheels are attached by bolts two quadrant levers, 17, 17 ; and as 
these wheels revolve by means of the gearinsf just described, the levers, 17, 17, draw 
down the chains, 18, 18, actuate the levers, 19 and 20, and thus elevate the whole series 
of printing blocks in the parallel grooves, 21, 21 ; at the same time pressing or closing 
them into one mass or block by expanding the springs 22, 22 ; and at the nest of the 
carriage caused at a proper intervlil by the as^ency of the mangle-wheel, the blocks are 
made to impress the patterns upon the surface of the goods at once, in four or more 
different colors, and in one, two, or more widths of cloth at one operation. 

The cloth is now drawn forward for the space of the exact widthof oneof the blocks, 
or sketch of the design, by means of the spnr-wheels and pinions, 23, 23, and passed 
around heated cylinders, g, g, if necessary, and between the delivering rollers out of 
the machine. These operations are to be repeated by the continuous rotation of the 
main driving-shaA, until the printing is completed ; the colors making a single advance 
upon the pattern at every presentation of the blocks, until the whole number of blocks 
has been presented to the same space or portion of the goods successively. 

The steam pipes, 24, are to be in connexion with the printing table and drying 
cylinders, in order to supply a degree of heat during the operation, which may be regu- 
lated at pleasure. 

To give suitable intervals of rest and motion to the various parts of the driving-gear, 
an ordinary clutched box, 25 (shown in^ig. 19), and regulated by suitable stops fixed 
to the travelling carriage, is used for throwing the wheel, p, in and out of gear with the 
pinion, o ; this is to prevent clots of color from being dragged upon the blocks or cloth. 
— NewioH^s Journal, xxi. C. S. p. 242. 

CALOMEL. A patent was obtained in September, 1841, by Anthony Todd Thorn* 
son, M. D., for an improved method of manufacturing calomel and corrosive sublimate, 
as follows : — 

This invention consists in combining chlorine in the state of gas with the vapor of 
mercury or quicksilver, in order to produce calomel and corrosive sublimate. 
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The apparatus eiDploy«d consists of a glass, earthenware, or other suitable weaatSi, 
mounted in brick-work, and communicating at one end with a large air-tight chamber^ 
and at the other end, by means of a bent tube, with an alembic, snch as is generally 
used for generating chlorine gas. The alembic is charged with a mixture of common 
salt, binoxide of manganese and sulphuric acid, or of binoxide of manganese and muriatic 
acid, in order to produce chlorine gas. 

The mode of operating with this apparatus is as follows : A quantity of mercury 
or quicksilver is placed in the glass vessel, and the temperature of the same is raised to 
between 350° and .660° Fahr., by means of an open fire beneath. The chlorine gas, as 
it is generated, passes from the alembic through the bent tube into the glass vessel, and 
there combining with the vapor of the mercury, forms either corrosive sublimate or 
calomel, according to the quantity of chlorine gas employed. 

The product is found at the bottom of the air-tight chamber, and may be removed 
from the same through a door, when the operation is finished. , 

According to the patent of Mr. Josiah Jewel,* the vapor of calomel was to be 
transmitted into a vessel containing water, in order to condense it at once into an 
impalpable powder. But this process was beset with many difficulties. The vapor 
of the calomel was afterward introduced into a large receiver, into which steam 
was simultaneously admitted ; but this plan has also been found to be precarious in the 
execution. The best way is to sublime the calomel into a very large chamber from an 
iron pot, in the same way as the flowers of sulphur are formed. The great body of 
cool air serves to cause the precipitation of the calomel in a finely comminuted state. 
It is afterward washed with water, till it is no longer colored by sulphuretted 
hydrogen. 

CALOTYPE is the name given by Mr. Fox Talbot to the art invented by him, of 
making pictures or paper or other such surfaces by the agency of light. It is merely 
an improved kind of photography. The process is as follows : Dissolve 100 grains 
of crystallized nitrate of silver in 6 ounces of distilled water, and brush over the paper 
(Whatman's sized post answers well) with a sofl brush on one side only, with this 
flolotion, and mark the side. When nearly dry, dip it into a solution of iodide of potassium 
(for only a few minutes), containing 500 grains of that salt dissolved in a pint of water. 
As soon as the paper is completed imbued with this solution, it should be immediately 
washed in distilled water, drained, and hung up to dry. This paper is to be kept for 
fubsequent use in a portfolio, and carefully secluded from light. 

Next dissolve 100 grains of silveivnitrate in 2 ounces of distilled water, and add to 
the solution one sixth of its volume of strong acetic acid. Keep this solution in the 
dark. Make a saturated solution of gallic acid in distilled water. When it is re- 
quired to make a calotype picture, the two liquids last described are to be mixed in 
equal quantities, but only so much as is needed for the operation. With this gallo- 
nitrate of silver, a sheet of the silver iodide paper is to be washed over upon its marked 
side with a soft brush, an operation to be performed by candle-light. After half a 
minute, the paper being dipped in water, and dried lighUy by pressure between folds 
of blotting paper, becomes so exceedingly sensitive to light, as to take a pictorial im- 
pression in the camera in a space varying from one second to five minutes, according 
to the brightness of illumination. The camera sliould be mounted with a meniscus 
lens, in an adjustible tube, so as to throw the image of the o^ect to be calotyped upon 
a vertical plate of roughened glass, in the posterior side or wall of the wooden box. 
Whenever the focus is correctly adjusted, the glass is withdrawn, and replaced by 
sliding in a groove a frame with the prepared sheet of paper fixed flat upon it, the pre- 
pared side toward the lens, but screened from light by a card or thin board. The 
screen being now removed, the light acts upon the paper, and produces a picture. A 
camera made entirely of metal, in a conical form, and mounted on>a stand- like a teles- 
cope, which has been invented for calotype purposes, by Dr. Petzval and M. Voigtlander, 
of Vienna, is recommended in preference to all others, by Mr. Talbot, especially for 
taking portraits. 

The paper, after exposure for the due time in the camera, is to be again covered 
from the light, taken out, and subjected to another process; for. as yet it has no 
pictoral appearance. To bring oui this eflfect, it must be washed with the gallo- 
nitrate of silver, and then be gently warmed. In a few seconds the portions of the 
paper upon which the light has acted will begin to darken, and eventually grown quita 
black, while the rest of ithe paper retains its original hue. Even thousrh the pictorial 
impression be very faint, it may bo brought out by a second application of the same 
solution. The operator should watch the gradual development of the tints ; and when 
it is suflScient, he should fix them by dipping the paper in water, drying it slightly 
with blotting paper, then washing it over with a solution of bromide of potassium, 
containing 100 grains of that salt, dissolved in 8 or 10 ounces of water. Strong brine 
will also answer, but not so well. Similar calotype pictures may be made by using 
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the bright light emitted from lime ignited hj the oxy-hydiogen flame; m ii pnctised la 
making the Daguerrotype portraits at night. * 

In all the photographic pictures the lights and shades of the object are reversed; 
but they may be made conformable to nature by rendering the paper transparent with 
white wax scraped upon its back, melting this in by rubbing it with a hot smoothiog- 
iron, aAer it is placed between two sheets of common paper, then laying it upon paper 
imbued with bromide of potassium, and exposing it to sunshine. Portraits are best 
taken by means of a lens, whose focal length is three or four times only greater than 
the diameter of the apferture. 

CANDLES. Messrs. Hempel and Blundell have given a very minute account of 
the process for making palm-oil, stearic and margaric acids, in the specification of their 
patent for this mode of manufacturing candles : — 

1. Their first process is called crystallization, which consists in pouring the melted 
palm-oil into iron pans, and allowing it to cool slowly, whereby, at about Ib^ F., the 
elaine separates from the crystalline stearine and margarine. 

2. The concreted oil is subjected to the action of an hydraulic press, itt order to sefK 
arate the elaine from the solid fats. 

3. This process is called oxidation. To 104 lbs. of the stearine and margarine, 
melted in an iron pan, about 12 lbs. of slaked and siAed quicklime are added, with 
diligent stirring, during which the temperature is to be slowly raised to 240° F., and 
so maintained for about three hours, till a perfect chemical combination takes place. 
This is shown by the mass becoming thin, transparent, and assuming* a glassy appear- 
ance when it cools. The fire being now withdrawn, cold water is added very gradually 
at first, with brisk stirring till the whole mass falls into a state of powdery granulation, 
when it is passed through a wire sieve to break down any lumps that may remain. 

4. Separation of the stearic and margaric acids from the lime. For tlus purpose, as 
much niuriate of lime (chlorcalcium) is taken as will, with its equivalent quantity of 
sulphuric acid (8 lbs. of dry chlorcalcium require 7 lbs. of the strongest sulphuric 
acid), produce as much muriatic acid as will dissolve the lime combined with the fat 
acids ; and therefore that quantity of muriate of lime dissolved in water must be 
treated with as much sulphuric acid as will saturate its lime and throw it down in the 
state of sulphate of lime. Add the supernatant solution of muriatic acid in such pro- 
portion to the stearate and margarate of lime as will rather more than saturate the 
lime. Three pounds of muriatic acid diluted with 9 lbs. of water are stated as enough 
for 1 lb. of lime. This mixture is to be let alone for 3 or 4 days, in order to insure the 
complete separation of the lime from the fat acids ; and then the mixture is heated so 
as to melt and cause them to separate in a stratum on the top of the liquid. The re- 
sulting muriate of lime is drawn ofi" into another tub, and decomposed by its dose of 
sulphuric acid, so as to liberate its muriatic acid for a fresh operation. 

5. The fat acids, being well washed by agitation with hot water, are then set to cool 
and crystallize, in which state they are subjected to the action of the hydraulic press, 
at a temperature of 75° F., whereat the margaric acid runs ofi" from the solid stearic 
acid. 

6. Bleaching, The stearic acid is taken from the press, and exposed upon water in 
large shallow vessels placed in the open air, where it is kept at the melting tempera- 
ture from 8 to 12 hours, stirring meanwhile, in order to promote the blanching action 
of the atmosphere. The margaric acid is bleached in a similar manner in separate 
vessels. 

7. Refining process. The fat is warmed again, and poured in a liquid state into an 
agitating tub ; where, for every 1,000 lbs. of the stearic acid, about 2| lbs. of common 
black oxide of manganese, and 40 lbs. of concentrated sulphuric acid, diluted with 
200 lbs. of pure water, are to be used. This solution (<' mixture"), while warm from 
the heat evolved in diluting the acid, is placed in a suitable vessel above the agitating 
tub. The stearic acid being at the melting point, in the vessel below, agitation is to 
be given with a revolving shaft, while the mixed manganese and acid are run slowly 
down into it, till the whole be well mixed, which generally requires about two hours. 
The mass is allowed to lie in this state for 48 hours ; after which it may be boiled by 
steam for 2 or 3 hours, when it will be sufficiently refined. The sulphuric acid, which 
is at the bottom, is now run off, and the stearic acid which remains is well washed with 
pure water. It is then put into large conical vessels of stoneware, enclosed in a box 
or jacket, k^pt warm by steam-heat, and lined with conical bags of suitable strong 
filtering paper, through which, being warm, it finds its way ; and when the stearic acid 
has been thus filtered, it is run into blocks, when it will be found to be a beautiful 
stearic acid or palm-wax, and is ready to be made into candles in the usual way. 

On the above process with manganese and diluted sulphuric acid, it may be observe!^ 
that no solution or chemical action takes place between them, and their joint use seent 
therefore most problematical. The patentees proceed to describe other processes oi 
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refining, in which solp^ate of manganese, with common salt, phosphoric acid (highly 
concentrated), and oxalic acid, are used, and in my opinion either ignorantly or for the 
purpose of mystification ; for, as prescribed, they can serve no possible purpose of puri- 
fying the stearine. 

The chief solid constituent of palm-oil is margaric acid. This they direct to be 
melted with tallow, in the proportion of from 10 to 20 lbs. of the former to 100 lbs. of 
the latter. See Newton's Journal, C, S., xi. 207. 

I was told by M. Runge, at Berlin, that he was the inventer of the process for 
making white margaric acid from palm-oil, and that Hempel had got it somehow from 
him, but most imperfectly, as it would appear. Hempel died here in the midst of the 
above patent operations ; but the specification is, no doubt, a specimen of his manufac- 
ture of Runge's margaric acid. He gave me a splendid pearly-looking sample. 

CAOUTCHOUC. Hitherto the greater part of the caoutchouc has been imported 
into Europe from South America, and the best from Para ; but of late years a con- 
siderable quantity has been brought from Java, Penang, Sincaporey, and Assam. About 
three years ago, Mr. William Griffith published an interesting report upon the 
Ficus elaslicay the caoutchouc -tree of Assam, which he drew up at the request of Cap- 
tain Jenkins, agent in that country to the governor-general of India. This remarkable 
species of fig-tree is either solitary, or in twofold or threefold groups. It is larger and 
• more umbrageous than any of the other trees in the extensive forest where it abounds, 
and may be distinguished from the other trees, at a distance of several miles, by the 
picturesque appearance produced by its dense, huge, and lofty crown. The main trunk 
of one was carefully measured, and was found to have a circumference of no less than 
74 feet; while the girth of the main trunk, along with the supports iii^ediately round 
it, was 120 feet. The area covered by the expanded branches had a circumference of 
610 feet. The height of the central tree was 100 feet. 

It has been estimated, after an accurate survey, that there are 43,240 such noble 
trees within a length of 30 miles, and breadth of 8 miles of forest near Ferozepoor, in 
the district of Chardwar, in Assam. 

Lieutenant Yeitch has since discovered that the Ficus elastica is equally abundant in 
the district of Naudwar. Its geographical range in Assam seems to be between 25 
deg. 10 min. and 27 deg. 20 min. of north latitude, and between 90 deg. 40 min. and 
95 deg. 30'min. of east longitude. It occurs on the slopes of the hills, up to an eleva- 
tion of probably 22,500 feet. . This tree is of the banyan tribe, famed for " its pillared 
shade, where daughters grow about the mother-tree," which has furnished the motto 
tot rami quot arbores, to the Royal Asiatic Society. Species of this genus afford grate- 
ful shade, l^owever, in the tropical regions of America, as well as Asia. 

Many species of other trees yield a milky tenacious juice, of which birdlime has been 
frequently made ; as Artocarpas integri/oliay and Lakoocha, Ficus indica, and religiosa, 
also J^. TsieUiy Roxtmrghii, glomeratay and oppositifolia. From some of these an in- 
ferior kind of caoutchouc has been obtained. 

The juice of the Ficus elastica of Chardwar is better when drawn from the old than 
from the young trees, and richer in the cold season than in the hot. It is extracted by 
making' incisions a foot apart, across the bark down to the wood, all round the trunk, 
and also the large branches, up to the very top of the tree ; the quantity which exudes 
increasing with the height of the incision. The bleeding may be safely repeated once 
every fortnight. The fluid, as fresh drawn, is nearly of the consistence of cream, and 
pure white. Somewhat more than half a maurul (42 lbs.) is reckoned to be the average 
produce of each bleeding of one tree ; or 20,000 trees will yield about 12,000 maunds 
of juice ; which is composed in 10 parts, of from 4 to 6 parts of water, and, of course, 
fix>m 6 to 4 parts of caoutchouc. The bleeding should be confined to the cold months, 
80 as not to interfere with, or obstruct the vigorous vegetation of the tree in the hot 
months. 

Mr. Griffith says that the richest juice is obtained from transverse incisions made 
into the wood of the larger reflex roots, which are half exposed above ground, and that 
it proceeds from the bark alone. Beneath the line of incision, the natives of Assam 
scoop out a hole in the earth, in which they place a leaf of the Phrynium capitatuniy 
Lin.,' rudely folded up into the shape of a cup. He observes that the various species 
of Tetrantheray upon which the Moonga silkworm feeds, as also the castor oil plant, 
which is the chief food of the Eria silkworm, do not afibrd a milky caoutchouc juice. 
Hence it would appear that Dr. Royle's notion of caoutchouc forming .a necessary 
ingredient in the food of silkworms, and being " in some way employed in giving 
tenacity to their silk," seems to be unfounded. If botany discountenances this idea, 
chemistry would seem to scout it altogether; for silk contains 11*33 per cent, of azote^ 
and caoutchouc contains none at all ; being simply a solid hydro-carburet, and, there- 
fore, widely dissimilar in constitution to silk, which consists of oxygen 34*04, azote 
11-33, carbon 50*69, and hydrogen 3*94, in 100 parts. 



CAOXJTCHOUa 6t 

This hydro-carbiiFet emvliioii u of common occarrenee in the osdxm EupkiyHnacia 
and Tulicea, which may be looked on as the main sources of caontcbonc. The Ameri- 
can caoutchouc is said to be furnished by the SijAamia elaatica, or the Hevea guianentu 
oTAublet, a tree which grows in B|«zil, and also in Surinam. 

Dr. Royle sent models of cylinders, of 1} to 2^ inches in diameter, and 4 or 5 inches 
in length, to both the Asiatic and Agricultural Societies of Bengal, to serve as pattehis 
for the natives to mould their caoutchouc by. Mr. Griffith says that this plan of 
forming the caoutchouc into tumblers or bottles, as recommended by the committee of 
the London Joint-stock Caoutchouc company, is, in his opinion, the worst than can 
possibly be offered ; being tedious, laborious, causing the caoutchouc to be blackened 
in the drying, and not obviating the viscidity of the juice when it is exposed to the 
aan. He recommends, as a far better mode of treating the juice, to work it up with* 
the hands, to blanch it in water, and then subject it to pressure. I shall presently 
describe a still better method which has recently occurred to me, in experimenting 
upon the caoutchouc juice. This fluid, with certain precautions, chiefly exclusion 
from air and much warmth, may be kept in the state of a creamy emulsion for a very 
long time. 

NEW EXPERIMENTAL RESEARCHES ON CAOUTCHOUC. 

The specific gravity of the best compact Para caoutchouc, 

taken in dilute alcohol, is ... . . 0*941567 

The specific gravity of the bfst Assam is - - - 0*942972 

« " Sincapore - - - 0*936660 

« " Penang ... - 0*919178 

Having been favored by Mr. Sievier, formerly managing director of the Joint-stoek 
Caoutchouc company, and by Mr. Beale, engineer, with two different samples of caout- 
chouc juice, I have subjected each to chemical examination. 

That of Mr. Sievier is grayish brown, that of Mr. Beale is of a milky gray color; 
the deviation from whiteness in each case being due to the presence of aloetic matter, 
which accompanies the caoutchouc in the secretion by the tree. The former juice is of 
the consistence of thin cream, has a specific gravity of 1*04125, and yields, by exposure 
upon a porcelain capsule, in a thin layer, for a few days, or by boiling, for a few minutes, 
with a little water, 20 per cent, of solid caoutchouc. The latter, though it has the con- 
sistence of pretty rich cream, ha^ a specific gravity of only 1*0176. It yields no less 
than 37 per cent, of white, solid, and very elastic caoutchouc. 

It is interesting to observe how readily and compactly the separate little cloths or 
threads of caoutchouc coalesce into one spongy mass in the progress of the ebullition, 
particularly if the emulsive mixture be stirred ; but the addition of water is necessary 
to prevent the coagulated caoutchouc from sticking to the sides or bottom of the vessel 
and becoming burnt. In order to convert the spongy mas» thus formed into good 
caoutchouc, nothing more is requisite than to expose it to moderate pressure between 
the folds of 9 towel. By this process the whole of the aloetic extract, anii other vege- 
table matters, which concrete into the substance of the balls and junks of caoutchouc 
prepared in Assam and Java, and contaminate it, are entirely separated, and an article 
nearly white and inodorous is obtained. Some of the cakes of American caoutchouc 
exhale when cut the fcetor of rotten cheese ; a smell which adheres to the threads made 
of it, after every process of purification. 

In the interior of many of the balls which come from both the Brazils and East In- 
dies, spots are frequently found of a viscid tarry-looking matter, which, when exposed 
to the air, act in some manner as a ferment, and decompose the whole mass into a soft 
substance, which is good for nothing. Were the plan of boiling the fresh juice along 
with its own bulk of water, or a little more, adopted, a much purer article would be 
obtained, and with incomparably less trouble and delay, than has been hitherto brought 
into the market. 

I find that neither of the above two samples of caoutchouc juice affords any appear- 
ance of coaguliiffl when mixed in any proportions with alcohol of 0*825 specific gravity ; 
and, therefore, I infer that albumen is not a necessary constituent of the juice, as Mr. 
Faraday inferred from his experiments published in the 21st vol. of the Journal of the 
Royal Institution. 

The odor of Mr. Sievier's sample is slightly acescent, that of Mr. Beale's, which is 
by far the richer and purer, has no disagreeable smell whatever. The taste of the 
latter is at first bland and very slight, but eventually very bitter, from the aloetic uof 
pression upon the tongue. The taste of the former is bitter, from the first, in conse- 
quence of the great excess of aloes which it contains. When the brown solution which 
remains in the capsule, after the caoutchouc has been separated in a spongy state by 
ebullition, from 100 grains of the riches juice is passed through a filter and evaporated^ 
it leaves 4 grains of concrete aloes. 
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Both of these enralsive juices mix teadily with water, alcohol, and pyrozilic spirit, 
though they do not become at all clearer ; they will not mix with caoutchoucine (the 
distilled spirit of caoutchouc), or with petroleum-naphtha, but remain at the bottom of 
these liquids as distinct as mercury does from water. Soda caustic ley does not dissolve 
the juice; nitric acid (double aquafortis) converts it into a red curdy magma. The 
filtered aloetic liquid is not affected by the nitrates of baryta and silver ; it affords with 
oxalate of ammonia minute traces of lime. 

I. CAOUTCHOUC MANUFACTURE. * 

This department of operative industry has, within a few years, acquired an importance 
equal to that of some of the older arts, and promises, ere long, to rival even the ancient 
textile fabrics in the variety of its designs and applications. The manufacture of 
caoutchouc has, at present, three principal branches : — 1. The condensation of the crude 
lumps or shreds of caoutchouc, as imported from South America, India, &c., into com- 
pact homogeneous blocks, and the cutting of these blocks into calces or sheets for the 
stationer, surgeon, shoemaker, &c. 2. The filature of either the Indian rubber bottles, 
or the artificial sheet caoutchouc, into tapes and threads of any requisite length and 
fineness, which, being clothed with silk, cotton, linen, or woollen yarns, form the basis 
of elastic tissues of every kind. 3. The conversion of the refuse cuttings and coarser 
qualities of caoutchouc into a viscid vt^rnish, which, being applied between two surfaces 
of cloth, constitutes the well-known double fabrics, impervious to water and air. 

I. The caoutchouc, as imported in skinny shreds, fibrous balls, twisted concretions, 
cheese-like cakes, and irregular masses, is, more or less, impure, and sometimes fraudu- 
lently interstratified with earthy matter. It is cleansed by being cut into small pieces, 
and washed in warm water. It is now dried on iron trays, heated with steam, while being 
carefully stirred about to separate any remaining dirt, and is then passed through, ' be- 
tween a pair of iron rolls, under a stream of water, whereby it gets a second washing, 
and becomes at the same time equalized by the separate pieces being blended together. 
The shreds and cuttings thus laminated, if still foul or heterogeneous, are thrown back 
into a kind of hopper over the rolls, set one sixteenth of an inch apart, and passed several 
times through between them. The above method of preparation is that practised by 
Messrs. Keene and Co., of Lambeth, in their excellent manufactory, under a patent 
granted in October, 1836, to Mr. Christopher Nickels, a partner in the firm. 

In the great establishment of the Joint Stock Caoutchouc company, at Tottenham, 
originally under the direction of Mr. Sievier, a gentleman distinguished no less by his 
genius and taste as a sculptor, than by his constructive talents, the preparatory rinsing 
and lamination are superseded by a process of washing practised in Mr. Nickels's second 
operation, commonly called the grinding, or, as it should more properly be st5'led, the 
hneading. The mill employed for agglutinating or incorporating the separate fragments 
and shreds of caoutchout into a homogeneous clastic ball, is a cylindrical box or drum 
of cast iron, 8 or 9 inches in diameter, set on its side, and traversed in the line of its 
horizontal axis (also 8 or 9 inches long) by a shaft of wrought iron, furnished with 3 
rows of projecting bars, or kneading arms, placed at ansles of 120 deg. to each other. 
These act by rotation against 2 chisel-shaped teeth, which stand obliquely up from the 
front part of the bottom of the drum. The drum itself consists of 2 semi-cylinders; 
the under of which is made fast to a strong iron framing, and the upper is hinged to the 
under one behind, but bolted to it before, so as to form a cover or lid, which may be 
opened or laid back at pleasure, in order to examine the caoutchouc from time to time, 
and take it out when fully kneaded. In the centre of the lid a funnel is made fast, by 
which the cuttings and shreds of the Indian rubber are introduced, and a stream of 
water is made to trickle in, for washing away the foul matter often imbedded in it. 
The power required to turn the axis of one of these mills, as the drums or boxes are 
called, may be judged of from the fact, that if it be only 2 inches in diameter, it is readily 
twisted asunder, and requires to be 3 inches to withstand every strain produced by the 
fixed teeth holding the caoutchouc against the revolving arms. Five pounds constitute 
a charge of the material. 

One of the most remarkable phenomena Of the kneading operation, is the prodigious 
heat disengaged in the alternate condensation and expansion of the caoutchouc. Though 
the Water be cold as it trickles in, it soon becomes boiling hot, and emits copious va- 
pors. When no water is admitted, the temperature rises much higher, so that the 
elastic lump, though a bad conductor of heat, can not be safely touched with the hand. 
As we shall presently find that caoutchouc suffers no considerable or permanent diminu- 
tion of its volume by the greatest pressure which can be applied, we must ascribe the 
heat evolved in the kneading process to the violent intestine movements excited through- 
out all the particles of the elastic mass. 

During the steaming, much muddy water runs off through apertures in the bottom 
of the drum. In the course of half an hour's trituration, the various pieces become 
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agglutinated into a soft, elastic, ovoid ball, of a reddish brown color. This ball is now 
transferred into another similar iron drum, where it is exposed to the pricking and 
kneading action of 3 sets of chisel-points, 5 in each set, that project from the revolving 
shaft at angles of 120 degrees to each other, and which encounter the resistance occa- 
sioned by five stationary chisel-teeth, standing obliquely upward from the bottom (rf* 
the drum. Here the caoutchouc is kneaded dry along with a little quicklime. It soon 
gets very hot ; discharges in steam through the punctures, the air and water which it 
had imbibed in the preceding washins; operation ; becomes, in consequence, more com- 
pact; and, in about an hour, assumes the dark brown color of stationers' rubber. Du- 
ring all this time frequent explosions take place, from the expansion and sudden extri- 
cation of the imprisoned air and steam. 

From the second set of drums the ball is transferred into a third set, whose revolving 
shaft, being furnished both with flat pressing bars, and parallel sharp chisels, perpen- 
dicular to it, exercises the twofold operation of pricking and kneading the mass, so as 
to condense the caoutchouc into a homogeneous solid. Seven of these finished balls, 
weighing, as above stated, 5 pounds each, are then introduced into a much larger iron 
drum of similar construction, but of much greater strength, whose shaft is studded all 
round with a formidable array of blunt chisels. Here the separate "balls become per- 
fectly incorporated into one mass, free from honeycomb cells or pores, and therefore fit 
for being squeezed into a rectangular or cylindrical form in a suitable cast-iron mould, 
by the action of a screw-press. When condensed to the utmost in this box, the lid is 
secured in its place by screw bolts, and the mould is set aside for several days. It is a 
curious fact, that Mr. Sievier has tried to give this moulding force, by the hydraulic 
press, without efifect, as the cake of caoutchouc, after being so condensed, resiles much 
more considerably than after the compressing action of the screw. The cake form 
generally preferred for the recomposed, ground, or milled caoutchouc, is a rectangular 
mass, about 18 inches long, 9 inches broad, and 5 inches thick. 

This is sliced into cakes for the stationer, and into sheets for making tapes and threads 
of caoutchouc, by an ingenious self-acting machine, in which a straight steel blade, with 
its edge slanting downward, is made to vibrate most rapidly to and fro in a horizontal 
plane ; while the cake of caoutchouc, clamped or embraced at each side between two 
strong iron bars, is slowly advanced against the blade by screw-work, like that of the 
slide rest of a lathe. In cutting caoutchouc by knives of every form, it is essential that 
either the blade or the incision be constantly moistened with water ; for otherwiise the 
tool would immediately stick fast. As the above straight vibrating knife slants ob- 
liquely downward, the sheet which it cuts off spontaneously turns up over the bJade in 
proportion as it is detached from the bottom mass of the cake. The thicker slices are 
afterward cut by hand, with a wetted knife, into small parallelopipeds for the stationer, 
the sections being guided rectangularly by saw lines in a wooden frame. The whole^ 
sale price of these is now reduced to 2s. per pound. Slices may be cut off to almost 
any desired degree of thinness, by means of an adjusting screw — a mechanism that acts 
against a board which supports the bottom of the cake, and raises it by any aliquot jMut 
of 1an inch, the cutting-blade being caused to vibrate always in the same horizontal 
plane. These thin slices constitute what is called sheet-caoutchOuc, and they serve 
tolerably for making tubes for pneumatic apparatus, and sheaths of every kind ; since, 
if their two edges be cut obliquely with clean scissors, they may be made lO coalesce, 
by gentle pressure, so intimately, that the line of junction can not be discovered either 
by the eye, or by inflation of. a bag or tube thus formed. 

The mode of recomposing the cuttings, shreds, and coarse lumps of caoutchouc, into 
a homogeneous elastic cake, specified by Mr. Nickels, for his patent, sealed October 24, 
1836, is not essentially diflferent from that above described. The cylinders of his mill 
are more capacious, are open at the sides like a cage, and do not require the washing- 
apparatus, as the caoutchouc has been cleansed by previous lamination and rinsing. 
He completes the kneading operation, in this open cylinder, within the space of about 
two hours, and afterward squeezes the large ball so formed into the cheese form, in a 
mould subjected to the action of an hydraulic press. As he succeeds perfectly in ma- 
king compact cakes in this way, his caoutchouc must differ somewhat in its physical 
constitution from that recomposed by Mr. Sievier's process. He uses a press of the 
power of 70 tons ; such pressure, however, must not be applied suddenly, but progres- 
sively, at intervals of two or three minutes between each stroke ; and when the pressing 
18 complete, he suffers the caoutchouc to remain under pressure till it is cold, when he 
thrusts it out of the mould entirely, or, placing his mould in the slide-rest mechanism, 
he gradually raises the caoutchouc out of it, while the vibrating knife cuts it into slices 
in the manner already described. The elegant machine by which these sheets are now so 
easily and accurately sliced, was, I believe, originally contrived and constructed by Mr. 
Beale, engineer, Church-lane, Whitechapel. 
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II. — ^FII.ATURE OF CAOUTCHOUC FOB MAKING ELASTIC FABRICS. 

Messrs. Rattier and Gaibal mounted in their factory at St. Denys^ so long ago as tKe 
year 1826 or 1827, a machine for catting a disc of caoutchouc into a continuous fillet 
spirally, from its circumference toward its centre. This fiat disc was made by pressing 
the bottom part of a bottle of Indian rubber in an iron mould. I have described this 
machine under the article Elastic Bands, in the Dictionary. A machine on the same 
principle was made the subject of a patent by Mr. Joshua Proctor Westhead, of Man- 
chester, in February 16, 1836; and, being constructed with the well-known precision 
of Manchester workmanship, it has been found to act perfectly well in cutting a disc 
of caoutchouc, from the circumference toward the centre spirally, into one continuous 
length of tape. For the service of this machine, the bottom of a bottle of Indian rubber 
of good quality being selected, is cut off and flattened by heat and pressure into a nearly 
round cake of uniform thickness. This cake is made fast at its centre by a screw nut 
and washer to the end of a horizontal skaA, which may be made to revolve with any 
desired velocity by means of appropriate pulleys and bands, at the same time that the 
edge of the disc of caoutchouc is acted on by a circular knife of cast-steel, made to re- 
volve 3,000 times per minute, in a plane at right angles to that of the disc, and to ad- 
vance upon its axis progressively, so as to pare off a continuous uniform tape or fillet 
from the circumference of the cake. During this cutting operation, the knife and caout- 
chouc are kept constantly moist with a slender, stream of water. A succession of threads 
of any desired fineness is afterward cut out of this fillet, by drawing it in a moist state 
through a guide slit, against the sharp edge of a revolving steel disc. This operation 
is dexterously performed by the hands of young girls. MM. Rattier and Guibal em- 
ployed^ at the above-mentioned period, a mechanism consisting of a series of circular 
steel knives, fixed parallel to each other at minute distances, regulated by interposed 
washers upon a revolving shaft ; which series of knives acted against another similar 
series, placed upon a parallel adjoining shaft, with the effect of cutting the tape through- 
out its length into eight or more threads at once. An improved modification of 
that appcu-atus is described and figured in the specification, of Mr. Nickels's patent of 
October, 1836. He employs it for cutting into threads the tapes' made from the recom- 
posed caoutchouc. 

The body of the bottle of Indian rubber, and in general any hollow cylinder of caout- 
chouc, is. cut into tapes, by being first forced upon a mandril of soft wood of such di- 
mensions as to keep it equally distended. 'This mandril is then secured to the shall of a 
lathe, which has one end formed into a fine-threaded screw, that works in a fixed nut, so as 
to traverse from right to left by its rotation. A circular disc of steel, kept moist, revolves 
upon a shaft parallel to the preceding, at such a distance from it as to cut through the 
caoutchouc, so that, by the traverse movement of. the mandril-shaA, the hollow cylinder 
is cut spirally into a continuous fillet of a breadth equal to the thickness of the side of 
the cylinder. Mr. Nickels has described two methods of forming hollow cylinders of 
recomposed caoutchouc, for the purpose of being cut into fillets by such a machine. 

It is probable that the threads formed from the best Indian rubber bottles, as imported 
from Para, are considerably stronger than those made from recomposed caoutchouc, and 
therefore much better adapted for making Mr. Sievier's patent elastic cordage. When, 
however, the kneading operation has been skilfully performed, I find that the threads 
of the ground caoutchouc, as it is incorrectly called by the workmen, answer well for 
every ordinary purpose of elastic fabrics, and are, of course, greatly more economical, 
from the much lower price of the material. 

Threads of caoutchouc are readily pieced by paring the broken ends obliquely with 
scissors, and then pressing them together with clean fingers, taking care to admit no 
grease or moisture within the junction line. These threads must be deprived of their 
elasticity before they can be made subservient to any torsile or textile manufacture. 
Edch thread is iTielasHcated individually in the act of reeling, by the tenter boy or girl 
pressing it between his moist thumb and finger, so as to stretch it to at least eight times 
its natural length, while it is drawn rapidly through between them by the rotation of 
the power-driven reel. This extension is accompanied with condensation of the caout- 
chouc, and with very considerable disengagement of heat, as pointed out in Nicholson's 
Journal upward of thirty years ago, by Mr. 6ough,the blind philosopher of Kendal. I 
attempted to stretch the thread, in the act of reeling, but found the sensation of heat 
too painful for my unseasoned fingers. The reels, aflcr being completely filled with 
the thread, are laid aside for some days, more or fewer, according to the quality of the 
caoutchouc, the recomposed requiring a longer period than the bottle material. When 
thus rendered inelastic, it is wound off upon bobbins of various sizes, adapted to va- 
rious sizes of braiding, or other machines, where it is to be clothed with cotton or other 
yarn. 
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* In the process of making the elastic tissues, the threads of caoutchouc being first of 
all depriTcd of their elasticity, are prepared for receiving a sheath upon the braiding, 
machine. For this purpose they are stretched by hand, in the act of winding upon the 
reel, to 7 or 8 times their natural length, and left two or three weeks in that state of 
^ tension upon the reels. Thread thus inekuticaied has a specific gravity of no less than 
0-948732 ; but when it has its elasticity restored, and its length reduced to its pristine 
state, by rubbing between the warm palms of the hands, the specific giavity of the 
same piece of thread is reduced to 0*925939. This phenomenon is akin to that exhib- 
ited in the process of wire-drawing, where the iron or brass gets condensed, hard, and 
brittle, while it disengages mach heat : which the caoutchouc thread also does in a de- 
gree intolerable to unpractised fingers, as above mentioned. 

The thread of the Joint-Stock Caoutchouc company is numbered from 1 to 8, 
No. 1 is the finest, and has about 5,000 yards in a pound weight; No. 4 has 2,000 in 
the pound weight ; and No. 8, 700, being a very powerful thread. The finest is used 
for the finer elastic tissues, as for ladies' silver and gold, elastic bracelets and bands. 
The ropes made by Mr. Sievier with the strongest of the above threads, clothed with 
hemp aud worked in his gigantic braiding-machine, possess, after they are re-elastica- 
ted by heat, an extraordinary strength and elasticity ; and, from the nearly rectilinear 
direction of all the strands, can stand, it is said, double the strain of the best patent 
cordage of like diameter. 

In treating of the manufacture of elastic fabrics, I have great pleasure in adverting 
to the riband-looms at Holloway, which display to great advantage the mechanical 
genius of the patentee, Mr. Sievier. Their productive powers may be inferred from 
the following statement : 5,000 yards of 1-inch braces are woven weekly in one 18 
riband-loom, whereby the female operative, who has nothing to do but watch its au- 
tomatic movements, earns 10«. a week ; 3,000 yards of 2-inch braces are woven upon 
a similar loom in the same time. Bat one of Mr. Sievier's most curious patent in- 
ventions, is that of producing, by the shrinking of the caoutchouc threads in the found- 
ation or warp of the stufi*, the appearance of raised figures, closely resembling coach- 
lace, in the weft. Thus, by a simple physical operation, there is produced, at an ex- 
pense of one penny, an effect which could not be effected by mechanical means for less 
than one shilUng. 

III. OF THE WATEB-FROOF DOUBLE FABRICS. 

The parings, the waste of the kneading operations above described, and the coarsest 
qualities of imported caoutchouc, such as the inelastic lumps from Para, are worked up 
into varnish, wherewith two surfaces of cloth are cemented, so as to form a compound 
fabric, impervious to air and water. The caoutchouc is dissolved either in petroleum 
(coal-tar) naphtha, or oil of turpentine, by being triturated with either of the solvents in 
a close cast-iron vessel, with a stirring apparatus, moved by mechanical power. The 
heat generated during the attrition of the caoutchouc, is sufficient to favor the solu- 
tion, without the application of fuel in any way. These triturating cylinders have been 
called pug mills by the workmen, because they are furnished with obliquely pressing 
and revolving arms, but in other respects they differ in constraction. They are 4 feet 
in diameter and depth, receive 13 cwt. at a time, have a vertical revolving-shaft of 
wrought iron 4 inches in diameter, and make one turn in a second. Three days are 
required to complete the solution of one charge of the varnish materials. The pro- 
portion of the solvent oils varies with the object in view, being always much less in 
weight than the caoutchouc. 

When the varnish is to be applied to very nice purposes, as bookbinding, &c., it 
must be rubbed into a homogeneous smooth paste, by putting it in a hopper, and letting 
it fall between a couple of parallel iron rolls, set almost in contact. 

The wooden framework of the gallery in which the water-proof cloth is manufactured, 
should be at least 50 yards long, to give ample room for extending, airing, and drying, 
the pieces ; it should be 2 yards wide, and not less than 5 high. It is formed of up- 
right standards of wood, bound with three or four horizontal rails at the sides and the 
ends. At the end of the gallery, where the varnish is applied, the web which is to be 
smeared must be wound upon a beam, resembling in size and situation the cloth-beam 
of the weaver^s loom. The piece is thence drawn up and stretched in a horizontal 
direction over a bar, like the breast-beam of a loom, whence it is extended in a some- 
what slanting direction downward, and passed over the edge of a horizontal bar. 
Above this bar, and parallel to it, a steel-armed edge of wood is adjusted, so closely as 
to leave but a narrow slit for the passage of the varnish and the cloth. This horizontal 
slit may be widened or narrowed at pleasure by thumb-screws, which lower or raise the 
moveable upper board. The caoutchouc paste being plastered thickly with a long 
spatula of wood upon the dowh-sloped part of the web, which lies between the breast- 
beam and the above-described slit, the cloth is then drawn through the slit by means of 
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eords in a horizontal direction along the lowest raiU of the gallery, whereby it get\ 
uniformly besmeared. As soon as the whole web, consisting of about 40 yards, is thus 
coated with the viscid varnish, it is extended horizontally upon rollers, in the upper 
part of the gallery, and left for a day or two to dry. A second and third coat are then 
applied in succession. Two such webs, or pieces, are next cemented face to face, by 
passing them, at the instant of their being brought into contact, through between a 
pair of wooden rollers, care being taken by the operator to prevent the formation of any 
creases, or twisting of the twofold web. The under one of the two pieces being intended 
for the lining, should be a couple of inches broader than the upper one, to insure the 
uniform covering of the latter, which is destined to form the outside of the garment. 
The double cloth is finally suspended in a well-ventilated stove-room, till it becomes 
dry, and nearly free from smell. The parings cut from the broader edges of the under 
piece, are reserved for cementing the seams of cloaks and other articles of dress. The 
tape-like shreds of the double cloth are in great request among gardeners, for nailing 
up the twigs of wall shrubs. 

Mr. Walton, of Sowerby-bridge, has recently substituted sheet Indian rubber for 
leather, in the construction of fillet-cards for the cotton and tow manufactures. The su- 
perior elasticity of this article is said to prove advantageous in several respects. 

Mr. Charles Keene,. proprietor of the extensive and well-organized Indian rubber 
factory in Lambeth, obtained a patent in March, 1840, for applying a coat of ca- 
outchouc to the outer surface of flexible leather. The varnish of caoutchouc, made 
with oil of turpentine, has so much lampblack incorporated with it, as to bring it 
to the consistence of dough. The edge of the doe-skin, buck-skin, or wash-leather, 
being introduced between a pair of wetted iron rollers, as much of the India rubber 
compound, softened by a gentle heat, and rolled into a proper length as will cover 
the leather, is laid in the hollow between the leather and the moist cylinders. By 
their rotation, the coating is evenly ajffected. When the surface has become dry, it 
may be embossed or gilt, and varnished over with a solution of shellac, with a little 
Venice turpentine, in alcohol. After two or three applications of this kind, the leather 
is passed through a pair of rollers, either smooth or embossed. When made-up articles, 
auch as shoes or portmanteaus, &c., are to be covered, the Indian rubber varnish is 
used in a thinner state. — Newton's Journal, xxiii. 357. 

CARMINE. This valuable pigment «is often adulterated with starch. Water of 
ammonia enables us to detect this fraud by dissolving the pure carmine, and leaving ' 
the starchy matter, as well as most other sophisticating substances. Such debased 
carmine is apt to spoil with damp. 

CASSAVA, or Tapioca, is obtained principally from the Jatroph^ Manioc. Jts 
extraction is remarkable for the large quantity of hydrocyanic acid which the juice of 
that plant contains. When distilled it afibrds, as a first product, a liquor which, in 
the dose of 30 drops, will cause the death of a man in the course of six minutes ; and 
it is well known that this acid does not pre-exist in the plant, but that it is generated 
in it, after it is grated down into a pulp. It would be interesting to discover in what 
state the substance exists, from which it proceeds. After the grating of the root, and 
washing of the pulp, this is dried upon hot plates, to agglutinate it into the form of 
concretions, constituting the tapioca of commerce. But the starch of the washed root 
floated in water, is spontaneously deposited, and, when dried in the sun, forms Caasava, 
flour, called moussache by the French. 

CASTOR OIL. Imported for consumption in 1839, 710,344 lbs.; in 1840, 807,176 
lbs. : duty, U. 3d, per cwt. 

CEMENTS. See Mortab, Hydraulic. 

An excellent cement for resisting moisture is made by incorporating thoroughly 
eight parts of melted glue, of the consistence used by carpenters, with four parts of 
linseed oil, boiled into varnish with litharge. This cement hardens in about forty-eight 
hours, and renders the joints of wooden cisterns and casks air and water tight. A 
compound of glue with one fourth its weight of Venice turpentine, made as above, 
serves to cement glass, metal, and wood, to one another. Fresh made cheese-curd, and 
old skim-milk cheese, boiled in water to a slimy consistence, dissolved in a solution of 
bicarbonate of potash, are said to form* a good cement for glass and porcelain. The 
gluten of wheat, well prepared, is also a good cement. White of eggs, with flour and 
water well mixed, and smeared over linen cloth, forms a ready lute for steam joints in 
«mall apparatus. 

White lead ground upon a slab with linseed oil varnish, and kept out of contact of 
air, affords a cement capable of repairing fractured bodies of all kinds. It requires a 
few .weeks to harden. When stone and iron are to be cemented together, a compound 
of equal parts of sulphur with pitch answers very well. 

CHALYBEATE is the name given in medicine to preparations of iron. The 
most agreeable, and one of the most powerful,, forms of such medicines, is the inn 
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yroTed chalybeate ^irater, for which Mr. Henry Bewley, apothecary in Do bliOy ob- 
tained a patent in Jane, 1842. The following is his valuable recipe : — Eight ounces 
of crystallized citric acid being dissolved in abont four times their weight of water 
heated to 170° F., are saturated with pure peroxide of iron, in the washed state, after 
being precipitated by ammonia from the ferric sulphate. The solution is sweetened, 
' flavored, and charged highly with carbonic acid gas, so as to make a very palatable 
potion, agreeable also to the stomach. 

I find by analysis that 100 parts of Mr. Bewley's brilliant citrate of iron contain 
28'5 of peroxide, 48*5 of citric acid, and 23 of water ; and that a six ounce phial of his 
chalybeate water contains of that citrate a quantity equivalent to nearly 8 grains of 
peroxide of iron. 

Similar compounds are also specified to be made with other organic salts, as Che tartrate 
or lactate of iron. — Newton's Journal, xxii. 470. 

CHAMELEON MINERAL. As this compound— so long known in chemistry 
as a mere curiosity, on account of the surprising changes of color which it' spon- 
taneously assumes — ^has of late been largely employed for whitening tallow, palm oil, 
and decoloring other organic matters, it merits description in this dictionary. It 
exists in two states ; one of which is called by chembts the manganate of potash, and 
the other the oxymanganate; denoting that the first is a compound of manganic acid 
with potash, and that the second is a compound of oxymanganic acid with the same 
base. They are both prepared in nearly the same way; the former by calcining 
together, at a red heat in a covered crucible, a mixture of one part of the black per- 
oxide of manganese with three parts of the hydrate of potash (the fused potash of the 
apothecary). The mass is of a green color when cold. It is to be dissolved in cold 
water, and the solution allowed to settle, and become clear, but by no means filtered 
for fear of the decomposition to whjch it is very prone. When the decanted liquid is 
evaporated under the exhausted receiver of an air-pump, over a surface of sulphuric 
acid, it affords crystals of a beautiful green color, which should be laid on a clean 
porous brick to drain and dry. They may be preserved in dry air, but should be kept 
in a well-corked bottle. They are decomposed by water, but dissolve in weak water 
of potash. On diluting this much, decomposition of the salt ensues, with all the 
chameleon changes of tint ; red, blue, and violet. Sometimes a green solution of this 
salt becomes red on being heated, and preserves this color even when cold, but 
resumes its green hue the moment it is shaken : it might, therefore, furnish the crafty 
votaries of St. Januarius with an admirable means of mystifying the worshippers at his 
shrine. The original calcined mass, in being dissolved, always deposites a considerable 
quantity of a brown powder, which is a compound of the acid and peroxide of man- 
ganese combined with water. Much of the potash remains unchanged, which may be 
recovered. 

The oxymanganate of potash is made by fusing, with a strong .heat, a mixture of 
equal parts of peroxi4e of manganese and hydrate of potash, or one part of peroxide 
and two parts of nitre. The mass is to be dissolved in water, and, if the solution be 
green, it should be reddened by the cautious addition of a few drops of nitric acid. 
The clarified liquor is to be evaporated to the .point of crystallization. Even the 
smallest crystals of this salt have such an intense red color, that they appear black 
with a green metallic reflection. In the air they gradually assume a steel gray hue, 
without undergoing any essential change of nature. A very little of the salt reddens 
a large body of water. The least portion of any oiganic matter addM to the solution 
of this salt reduces the oxymanganic acid to the state of peroxide, which precipitates 
combined with water ; and the liquor becomes green or colorless, according to circum- 
stances. 

A more permanent oxymanganic salt may be made as follows : — Melt chlorate of 
potash over a spirit lamp, and throw into it a few pieces of hydrate of potash, which 
immediately dissolve, and form a limpid liquid. When peroxide of manganese in fine 
powder is gradually introduced into that melted mixture, jt immediately dissolves, with 
the production of a rich green color. AAer adding the manganese in excess, the whole 
is to be exposed to a gentle red heat, in order to decompose the residuary chlorate of 
potash. It is now a mixture of manganate of potash, chloride of potassium and peroxide 
of manganese. It forms with water a deep green-colored solution ; which when boiled 
assumes a fine red color, in consequence of its becoming an oxymanganate, and it ought 
to be decanted ofi" the sedunent while hot. By cooling, and still more after further 
evaporation, the oxymanganate of potash separates in crystals possessed of great lustre $ 
but toward the end colorless crystals of chloride of potassium. 

Both the above salts are readily decomposed by organic bodies and other combustibles, 
whereby they have their acid converted into an oxide, with the disengagement of oxygen^ 
and the destruction of many yegetahie and animal colon. In this respect they resemble 
tke nitrates and chlorates. 
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CHINA INK. (^Encre de Chvne^ Fr.; Chinesischer Tuseh, Genn.) The finest 
kind of this useful pigment is seldom met with in our markets. According to a de- 
scription in a Japanese book, it is made from the condensed smoke or soot of burned 
camphor ; and hence, when of the best quality, it has this odor. Most of the China 
ink is made from oil-lampblack occasionally disguised, as to smell, with musk, or 
with a little camphor black. The binding substance is gelatine, commonly made from 
parchment or ass's skin ; but isinglass answers equally well. A good imitation may 
be made by dissolving isinglass in warm water, with the addition of a very little alkaU 
(soda), to destroy its gelatinizing power ; and incorporating with that solution, by levi- 
gation on a porphyry slab, as much of the finest lampblack as to produce a mass of 
the proper consistence. The minute quantity of alkali serves also to saponify the oil 
which usually adheres to lampblack ; and thereby to make a pigment readily miscible 
with water. 

CHLORATE OF POTASH. The following ingenious and easy way of making 
this valuable compound has been lately suggested by Professor Graham :— Mix equid 
atomic weights of carbonate of potash and hydrate of lime (70 of the former, if pure, and 
37 of slaked lime in powder), diffuse them through cold water, and transmit chloride 
gas through the mixture. The gas is absorbed with great avidity, and the production 
of a boiling heat. When the saturation is complete, carbonate of lime remains, and a 
mixture of muriate and chldrate of potash, which latter salts are to be separated, as 
usual, by the difl'erence of their solubility in water. 

It has been remarked on the above process, that it eflTects no saving of potassa, and 
therefore is far inferior to the one long practised in several parts of Germany, especially 
at Giessen, and introduced into this country a good many years ago by Dr. Wagenmann, 
from Berlin. The chlorine is passed into a mixture of one equivalent of chloride of 
potassium (76), and 6 equivalents of hydrate of lim9(222), previously stirred with water, 
to the consistence of a thin paste. Thus the calcium of the lime unites with the chlorine 
to form chloride of calcium, while the chloride of potassium is Converted into chlorate 
of potassa, which salt is easily separated in crystals by its sparing solubility. 

Chlorate of potash may also be made by saturating with chlorine a mixture oC 74 
parts of chloride of potassium (muriate of potash) and 168 parjts of quicklime, brought 
to the consistence of a thin pap by the cautious addition of water. The mhss being 
dissolved in warm water, and evaporated and cooled, yields crystals of chlorate of 
potash, while a mother water of chloride of calcium (muriate of lime), remains. The 
following process has likewise been prescribed : — Mix 10 parts of good chloride of 
lime with water into a pap, and evaporate to dryness, whereby it is converted into 
a mixture of chloride of calcium and chlorate of lime devoid of bleaching power : 
dissolve it in water, filter, concentrate the solution by evaporation, then add to it 1 
part of chloride of potassium, and cool for crystallization. The salt which may thereby 
be separated from the chloride of calcium will afford 0*83 of pure chlorate of potash. By 
. this process of Professor Liebig five sixths of the potash are saved, but much oxygen Is 
wasted in the evaporation to dryness of the chloride of lime, and, consequently, much 
chloric acid is lost toward the production of the salt. Vee mixes the chloride of lime 
pap, before heating it, with the chloride of potassium, boils the mixture smartly, whereby 
much oxygen is undoubtedly thrown off, and then sets the liquor aside to crystallize. 
L. Gmelin suggests that saturation of the liquor with chlorine before boiling might be 
advantageous. Gay Lussac has suggested to make this valuable salt by precipitating 
a solution of chloride of lime with carbonate (or sulphate) if potash, saturating the 
liquor after filtration with chlorine gas, evaporating, and crystallizing. 

Professor Inch's process is to pass chlorine gas into a mixture of 1 pound caustic 
lime and 1 pound carbonate of potash, with 8 pounds of water. The resulting chloride 
of potash readily separates in the filtered liquid by crystallization, from the very soluble 
chloride of calcium. By this method, potash is not wasted in the useless production of 
chloride of potassium. 

CHOCOLATE. About eighteen months ago, samples of chocolate were sent to ope 
for analysis, by order of the lords of the admiralty. It was made at the victualling- 
yard, Deptford, for the use of the Royal Navy, by the government chocolate-mills, 
where about 400 tons are annually prepared, to be distributed to the sailors and con- 
victs at the rate of an ounce daily, and to be used at«their breakfast. AAer taking the 
said chocolate for some time, men in several ships complained of its occasioning sick- 
ness, vomiting, purging, and more serious maladies, terminating in a few cases fatally. 
I examined it with great care, but could find no injurious ingredient in it, and no 
chemical alteration from the beans of the Guyaquil coco from which it was manu- 
factured. But I observed that it consisted of gritty grains, from very imperfect trit- 
uration or milling ; that these grains were quite immiscible with water, like so much 
fine gravel ; that they contained many sharp spiculae of the coco-bean husks, and that 
hence, when swallowed, they were calculated to form mechanically Irritating lodge- 



CHOCOLATE. d» 

meats in the viUoxis coats of the stomach and howels, whereby they conld produce the 
morbid effects certified by several naval surgeons. It was, moreover obvious that, 
froia the insoluble condition of the chocolate, it could be of little use as an article of 
ibod, or as a demulcent substitute for milk, and that, in fact, three fourths of it were, 
on this account, an ineffective article of diet ; or were wasted. 

Having reported these results and opinions to the Lords of the Admiralty, they 
were pleased, after a few weeks^ consideration, to request me to go down to the vict- 
ualling yard at Deptford, and superintend the preparation of a quantity of chocolate 
in the best manner I could with the means there provided. I accordingly repaired 
thither on the 13th of September, 1842, and experienced the utmost courtesy and co- 
operation from Sir John HiU, the Captain ^perintendent, and his subordinate officers. 
The coco-beans had been heretofore milled, after a slight roasting upon the sole of an 
oat-kiln, along with their husks. As I was satisfied, from analysis, that the husks 
were no better food than sawdust, and that they might cause irritation by their minute 
spiculse left after grinding between rotating millstones, I set about a plan for shelling 
them, but could fiud no piece of apparatus destined for the purpose. There was how- 
ever, a pea-shelling mill, which had been used only for one day some years before, and 
had stocMl ever since idle,* which, on being cleaned and having its millstones placed at 
a proper distance, was found to answer pretty well. The beans for experiment, to the 
amount of 6 cwt., had been previously roasted, under my care, at a well-regulated 
heat, with much stirring, in the oat-kiln ; and, on being cold, were run through the 
shelling mill, which was put in communication with the fanners of the flour miU. 
By this arrangement, the coco-beans were tolerably shelled, and the kernels separated 
from their scaly husks. The weighings were accurately made. 

6 cwt. of the Guyaquil coco - - ' - 672 lbs. 

Lost in roasting 



shells - - 64 V 117 

' waste - - 20 ) 

Remained for mUling - 555 

On the 14th September I made a report to the Lords of the Admiralty upon the 
experiments of the 13th, of which the following is an outline. After describing the 
pains taken to regulate the roasting temperature, and to equalize the effect upcm 
the beans by moving them occasionly by a rake, I stated that the oat-kiln was not well 
adapted to the purpose of roasting the coco, because it was impossible to turn the beane 
regularly and continuously during the process, so that they could not be equally roasted, 
and because it was an unwholesome operation for the workmen, who must go into a 
chamber filled with noxious gases and fumes, to use the rakes. When the door of the 
kiln was shut, to allow the burned air from the fire below to draw up through it, mischief 
might be done to the stratum of coco on the sole, and when the door was again opened, 
to permit a person to go in and stir, time and heat were wasted in replenishing the - 
chamber with fresh air. I understand that a revolving-cylinder-roasting machine had 
been made by Messrs. Rennie for the chocolate process at Deptford ; but, for reasons 
unknown to me, it had never been employed. 

The diminution of weight by roasting and shelling may be estimated at about 17 
per cent. A part of this loss is moisture, which should be completely expelled, to 
prevent its causing the chocolate to become mouldy at sea. But a part of the defal- 
cation was also due to some of the coco remaining in the crevices of the pea-splitting 
mill and the fanners, which would not be observable if these were in constant employ- 
ment. I think, therefore, that the roasted kernels may be estimated in general at 85 
per cent, of the raw beans. 

Fig. 20 represents the chocolate mills at the victualling-yard, Deptford, as 
mounted by the celebrated engineers, Messrs. Rennie. There are four double mill- 
stones, A, B, c, D, each three feet in diameter, of which the nether rests upon a bed of 
cast iron, like a drum-head, kept at the temperature of about 220^ by the admission of 
steam to the case below. Over each mill there is a feeding-hopper 1, 2, 3, 4, in com-» 
munication by the pipes 5, 6, 7, 8, with the general reservoir £, charged upon the floor 
above with coco through the funnel placed over it. The vertical shafts which turn 
these mills are marked f, g, h, l ; they are moved by the train of bevil wheels above, 
which are driven by an arm from the main shaft of the steam engine. Each mill can, 
of course, be thrown in and out of gear at pleasure. At i, i, i, i, the discharge-spout 
is shown, which pours out the semi-fluid hot chocolate into shallow cylindrical tin pans, 

* It was found that peas in their akin kept better at aea than the split peas, and they were also pre- 
fenred by the saUors in their natural state. 
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capable of containing about nine ponnds of chocolate each. These four mffls are capable 
of converting upward of a ton of coco into good chocolate in a day, on the system of 
double trituration which I adopted, and two tons on the former rough plan. I found 
^at the two stones of each mill had been placed so far asunder as would allow entire 




beans to pass through, as spurious chocolate, at one opemtkm ; but the chocolate thus 
discharged was in a very, gritty state, whereas good chocolate in the liquefied state should 
be smooth and plastic between the fingers, and spread upon the tongue without leaving, 
any granular particles in the mouth. To obtain such a result, I divided the milling 
into two steps ; for the first, two pairs of the stones, a and c, were set as close together 
as for a iMunt mill (which they closely resemble), and the other two jpairs, b and d, 
were l«ft at their ordinary distance. The paste obtained from the first set was trans- 
ferred, while nearly liquid, into the hoppers of the second pairs, from which it issued at 
the spouts as thin and smooth as honey from the comb. In subservience to these ex- 
periments, I made an analysis of the Guyaquil coco, whi<^ I found to be composed aa 
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OancreU fat or bQUer of coco, disaolved oat by ether - - - 37 

Brown extractive, eztractible by hot water, after the operation of ether - 10 
Ligneous matter, with some albumine - - - - - 30 

Sheila 14 

Water - - - - - - - . • . 6 

Loss --.•-.---3 

100 

The solid fat of the ooco should be most intimately combined by milling with the 
extractive, albumine, and ligneous matter, in order to render it capable of forming an 
emulsion with water ; and, indeed, on account of the large proportion of concrete fat in 
the beans, some additional substance should be introduced to facilitate this emulsive 
union of the fat and water. Sugar, gum, and starch or flour, are well adapted for this 
purpose. 

Under this conviction I employed in the .first of these trials at Deptford, made 
with one half of the above roasted kernels = 277} lbs. 5 per cent, of sughr, which was 
first mixed upon a board with shovels, and the mixture was then put progressively into 
the hoppers of the two mills b and p. The paste which ran out of their spouts, was 
immediately poured into the hoppers of a and c, from which it flowed smooth and very 
thin into the concreting pans. The sugar supplied to me was exceedingly moist, 
whereas it ought to be dry, like the bag sugar of the Mauritius. The other half 
of the coco kernels was milled alone once by the ordinary mills b and d. I sub- 
jected next day samples of these two varieties of chocolate to the following examin- 
ation, and compared them with the sample of chocolate as usually made at Deptfoid, 
as also with a sample of chocolate sold by a respectable grocer in London. A like 
quantity of these four samples was treated with eight times its weight of boiling water, 
the diffusion well stirred, and then left to settle iii»a conical wineglass. Of the ordinary 
Deptford coco, four fifths rapidly subsided in coarse grains, incapable of forming any- 
thing like an emulsion with water, and therefore of little or no avail in making a break- 
fast beverage. 

1. The single-milled chocolate made under my direction formed a smoother emulsion 
than the last, on account of the absence of the coco husks ; but its particles were gritty, 
and subsided very soon. 

2. The sugared double-milled chocolate, on the contrary, formed a milky4ooking 
emulsion, which remained nearly uniform for some time, and then let fall a soft mucil- 
aginous deposite, free from grittiness. 

3. The shop chocolate formed a very indifferent emulsion, though it was ^eU milled, 
because it contained evidently a large admixture of a coarse branny flour, as is too 
generally the case. * 

I have given small samples of the above No*. 2 chocolate to various persons, and they 
have considered it superior to what is usually sold by our grocers. The presence of 
dry sugar in chocolate would also give it a conservative quality at sea, and prevent it 
from getting musty. 

The lords of the admiralty, after seeing the above two samples of chocolate, and 
my report thereupon, were, about six weeks afterward, pleased to request me to make 
at their victually-yard further experiments in the preparation of chocolate; and they 
indicated two modes, one of milling twice with the husks, and another of milling twice 
without the husks ; permitting me, at the same time, to mill a portion of the kernels 
with 10 per cent, of sugar, and a second portion of the kernels with 5 per cent, of sugar 
and 5 per cent, of the excellent flour used in making the biscuits for the royal navy. 
On the 24th October, 1842, 1 accordingly performed these experiments upon 12 cwts. of 
Guyaquil coco as carefully roasted as possible on the kiln. 
The loss in drying and slightly roasting the 1,344 lbs. of beans was 5 per cent. 
1st experiment, 212 lbs. of roasted coco, milled twice with the husks, 
produced, of chocolate - - - - - - - - 209 Ihe. 

2d experiment, 191 lbs. ditto, milled twice without husks - - 1S9 

3d experiment, 191 lbs. kernels, milled once along with 19 lbs. of sugar 

« 210 lbs. 212* 

4th experiment, 573 lbs.- kernels, milled twice along with 68 lbs. of 
flour and 34 of sugar =: 675 - - - - - - 669 

Sample cakes of these four varieties of chocolate were subsequently sent to me for 
examination and report. I found that the chocolate miUed twice with the floor aad 

* This small excess proceeded from a residue of the last experiment. 
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migar formed a complete emulsion with hot water, bland and rich, Vke the best milk, 
but the other three were much inferior in this respect. Sugar alone, with proper 
milling, would serve to give the kernels of well-roasted coco a perfect emulsive prop- 
erty. Ipstead of merely milling with rotatory stones, I would prefer, for the second 
or finishing operation, a levigating mill, in which rollers would be rolled either back- 
ward and forward, or, when slightly conical, in a circular direction, over a plane 
metallic, marble, or porphyry slab, as is now, indeed, very generally practised by the 
trade. The coco-beans should be well selected, without musty taint, and possessed of 
a fine aroma, like the best of that imported from Trinidad. There is a great deal of 
very coarse coco and chocolate on sale in London and in the provincial towns of the 
United Kingdom. 

Fig. 21 is an end view of one of the chocolate mQls with 
its mitre-gearing. I consider the gritty chocolate hitherto 
made at Deptford as a very bad substitute for the chocolate 
which was made from coco by the sailors themselves with a pestle 
and mortar. 

In 1840 the cocoVdeared for consumption in the United King- 
dom was — 

British plantation 

Foreign 

Coco-nut husks and shells 

Chocolate and coco paste 

Of the coco-nut sheUs, 612,122 lbs. were consumed in Ireland ! 
and less than 4,000 lbs. of coco. 

Of coco, 726,116 lbs. were consumed in her majesty's navy. 
How scurvily are the people of Ireland treated by their own 
grocers ! Upwrird of 600,000 lbs. of worthless coco husks served 
out to them along with only 4,000 lbs. of coco-beans I 

CHROMIUM, OXIDE OF. Mix intimately 45 parts of gunpowder with 240 parts 
of perfectly dry chromate of potash, and 35 parts of hydrochlorate of ammonia (sal 
ammoniac), reduce to powder, and pass through a fine sieve ; fill a conical glass or other 
mould with this powder, gently pressed, and invert so as to leave the powder on a por- 
celain slab of any kind. When set on fire at its apex with a lighted match, it will bum 
down to the bottom with brilliant coruscations. The black residuum, being elutriated 
with warm water, afibrds a fine bright green oxide of chromium. 

CLOVES. Imported for home consumption in 1840, 85,769 cwts. 

COAL. Under Pitcoal, the composition of several excellent coals, is stated, with 
theij peculiar qualities, as analyzed by me ; such as the Llangennoek, Powell's Duffryn 
steam coal, the Blackley Hurst coal, Lancashire, the Varley Kock vein coal, near 
Pontypool, &c. 

COCHINEAL. Imported for consumption in 1839, 396,902 lbs. ; in 1840, 325,744 j 
duty, U, per cwt. 

COFFEE. If tannin exist in roasted cofiee,' as . maintained long ago by Chenevix, 
and generally admitted since, it must be very difierent from the tannin present in tea, 
catechu, kino, oak-bark, willow-bark, and other astringent vegetables ; for I find that 
it is not, like them, precipitated by either gelatine, albumen, or sulphate of quinine. With 
regard to the action, upon the animal economy, of cofiee, tea, and coco, which contain 
one common chemical principle called cafieine or theine, Liebig has lately advanced some 
ingenious views, and has, in particular, endeavored to show that to persons of sedentary 
habits in the present refined state of society, they afibrd eminently useful beverages, 
which -contribute to the formation of the characteristic principle of bile. This important 
secreted fluid, deemed by Liebig to be subservient to the function of respiration, 
requires for its formation much azotised matter, and that in a state of combination 
analogous to what exists in cafieine. The quantity of this principle in tea and coffee 
being only from 2 to 5 per cent., might lead one to suppose that it could have little effect 
upon the system even of regular drinkers of their infusions ; but if the bile contains only 
one* tenth of solid matter, called choleic acid, which contains less than 4 per cent, of 
azote, then it may be shown that three grains of caffeine would impart to 500 grains of 
bile the azote which occurs in that crystalline precipitate of bile called taurine, which 
is thrown down from it by mineral acids. 

One atom of cafieine, 9 atoms of oxygen, and 9 of water, being added together, 
produce the composition of 2 atoms of taurine. Now this is a very simple comblnar 
tion for the living organism to effect ; one already paralleled in the generation of 
hippuric acid in urine, by the introduction of benzoic acid into the stomach ; a physio- 
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logical diflcovery made by my son, which is likely to lead to a m<nre snecessfiil treat- 
ment of some of the most formidable diseases of man, particularly goat and gravel. 

If the preceding views be established, they will justify the instinctive love of man- 
kind for tea, coffee, and cocoa, in spitfe of the denunciations and vetoes of neuropathie^ 
homaopaihic, and hydropathic doctors ; sorry pathologists — hoc genua omne. See Tea. 

Coffee imported for consumption in 1839, 26,789,945 lbs. ; in 1840, 28,664,341. Net 
revenue in 1839, 779,115/. ; in 1840, 921,551/. 

COPAL and ANIME. Imported for consumption in 1839, 193,066 lbs. ; in 1840, 
181,388 lbs. : duty, 6s, per cwt., as upon gum arable and tragacanth. 

COPPER. Quantity of copper ore raised in Cornwall in the year 1838-1839, 159,- 
214 tons ; value of, 932,090/. 15s, 6d. 

Quantity raised in the year 1839-1840, 147,049 tons; value of, 792,750/. 143, 

Quantity of metallic copper produced in the former year, 12,469 tons ; standard. 111/. : 
in the hitter, 11,056; standard, 108/. bs. 

Produce per cent., 7| and 7| respectively. Average price per ton, 5/. 174. in the 
first ; and 5/. 7s, 9d, in the second year. 

Quantity of unwrought copper imported for home consumption in 1840, only 2} cwts. 
See Metallic Statistics. 

COPPER MEDALS AND MEDALLIONS may be readily made in the following 
way : Let black oxide of copper, in a fine powder, be reduced to the metallic state, by 
exposing it to a stream of hydrogen, in a gun-barrel, heated barely to redness. The 
metallic powder thus obtained is to be silled through crape, upon the surface of the 
mould, to the thickness of i or ( of an inch, and is Uien to be strongly pressed upon it, 
first by the hand, and lastly by percussion with a hammer. The impression thus formed 
18 beautiful ; but it acquires much more solidity by exposure to a red heat, out of con- 
tact with air. Such medals are said to have more tenacity than melted copper, and to 
be sharply defined. 

M. Boettger proposes the following improvement upon the above plan of Mr. Osann : 
He prepares the powder of copper easier and of better quality, by precipitating a boU- 
ing-hot solution of sulphate of copper, with pieces of zinc, boiling the metallic powder 
thus obtained with dilute sulphuric acid for a little, to remove all traces of the zinc or 
oxide, washing it next with water, and drying it in a tubulated retort by the heat of a 
water bath, while a stream of hydrogen is passed over it. This cupreous precipitate 
possesses so energetic an afiinity for oxygen, that it is difficult to prevent its passing 
into the state of orange oxide. If it be mixed with one half its atomic weight of pre- 
cipitated sulphur, and the two be ground together, they combine very soon into sulphu- 
ret of copper with the evolution of light. 

COPPER, Purifying, — Copper may be purified by melting 100 parts of it with 10 
parts of copper scales (black oxide), along with 10 parts of ground bottle-glass or other 
flux. Mr. Lewis Thompson, who received a gold medal from the Society of Arts for 
this invention, says that after the copper has been kept in fusion for half an hour, it will 
be found at the bottom of the crucible perfectly pure ; while the^iron, lead, arsenic, Ate, 
with which this metal is usually contaminated, will be oxidized by the scales, and will 
dissolve in the flux, or be volatilized. Thus he has obtained perfectly pure copper from 
brass, bell-metal, gun-metal, and several other alloys, containing from 4 up to 50 per 
cent, of iron, lead, antimony, bismuth, arsenic, &c. The scales of copper are cheap, 
being the product of every large manufactory where that metal is worked. 

CORK. Unmanufactured, imported in 1840 for home consumption, 59,793 cwts. 

CORTEX PERUVIANUS, or CINCHONA. Imported for home consumption in 
1840, 43,705 lbs. 

COTTON may be distinguished from linen in a cloth fabric by means of a good 
microscope ; the former fibres being flat, riband-like, and more or less contorted or 
shrivelled, and the latter straight, round, and with cross knots at certain distances. 
These two fibrous matters may be also distinguished by the action at a boiling heat of 
a strong caustic ley, me^de by dissolving fused potash in its own weight of .water. By 
digestion in this liquor, linen yam becomes immediately yellow, while the cotton yam * 
remains white. The best way of operating is to immerse a square inch of the cloth to 
be tested for two minutes in the above boiling-hot caustic ley, to lifl it out on a glass 
rod, press it dry between folds of blotting-paper, and then to pull out a few of the warp 
and weft threads — when the linen ones will be found of a deep yellow tint, but the 
cotton, white qr very^ pale yellow. 

COTTON WOOL. Imported for home consumption in 1839, 352,000,277 lbs. ; in 
1840, 528,142,743 Ib^. 

CREOSOTE. Having been employed by a chemical manufacturer to examine his 
creosote, and compare it with others with a view to the improvement of his process, 
I found that the article, as made by eminent houses, differed considerably in its prop- 
erties. 
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The spedfio gravities yaried in the sereral specimens as ^IWws : 1, a specimen 
given me by Messrs. Zimmer and Sell, at their factory in Saohsenhausen^ by Frankfort* 
en-the*Maine, had a specific gravity of 1*0524; 2, a sample made in the north of Eng- 
land, sp. gr. 1*067, and its boiling point varied from 370° to 380^ Fahr. Mr. Morsoa's 
creosote, which is much esteemed, has a sp. gr. of 1*070, and boils first at 280^, biU 
Iprogressively rises in temperature up to 420°, when it remains stationary. . The Ger- 
man creosote was distilled from the tar of the pyrolignous acid manufacture. Creosolc, 
I believe, is often made from Stockholm tar. Berzelius gives the sp. gr. of creosote at 
1*037, and its boiling point at 203° 0.=:^ 397*4° F. I deemed it useless to subject to 
ultimate analysis products differing so considerably in their physical properties. They 
were all very soluble in potash ley. 

CROSS-FLUCKANS or FLOOKANS. The name given by the Cornish miners to 
clay veins of more ancient formation. 

CYANIDE OF POTASSIUM. This salt, so much used now in the electrotype 
processes, is prepared, according to Liebig's formula, by mixing 8 parts of pounded 
prussiate of potash, sharply dried, with 3 parts of pure carbonate of potash, fusing the 
mixture in an iron crucible, by a moderate red heat, and keeping it so, till the glass 
or iron rod with which the fluid mass should be occasionally stirred, comes out covered 
with a white crast. The crucible is then to be removed from the fire ; and after the 
disengaged iron has fallen to the bottom, the supernatant fluid, still obscurely red hot, 
is to be poured off upon a clean surface of iron or platinum. After concretion and 
eooling, the white saline mass is to be pounded while hot, and then kept in a well- 
stopped bottle. It consists of about 5 parts of cyanide of potassium, and 1 of cyanate 
<^ potash. For most purposes, and the analysis of ores, the latter ingredient is no ways 
de^imental. 

CYDER. The value of apples to produce this beverage of good quality is propor- 
tionate to the specific gravity of their juice. M. Couverchel has given the following 
table, illustrative of that proposition : — 

Juice of the green renette, queen apple (reinette verte) - - 1,084 

English renette ..... 1,080 

Red renette ..... i,072 

Musk renette ... . 1,069 

FouiUetraye ..... i,064 

Orange apple ..... 1,063 

Renette of Caux ..... 1,060 

Water 1,000 

Cyder^pples may be distributed into three classes, the sweet, the bitter, and the 
sour. The second are the best ; they afford a denser juice, richer in sugar, which clar- 
ifies well, and when fermented keeps a long time; the juice of sweet apples is difficult 
to clarify ; but that of the sour ones makes bad cyder. Late apples are in general to be 
preferred. With regard to the proper soil for raising apple-trees, the reader may con- 
sult with advantage an able essay upon '* The Cultivation of Orchards, and the making 
ef Cyder and Perry,** by Frederick Falkner, Esq., in the fourth volume of the Royal 
Agricultural Journal. He adverts judiciously to the necessity of the presence of alka- 
line and earthy bases, in the soils of aU deciduous trees, and especially of such as pro- 
duce acid fruits. 

In November, 2,340 kilogrammes of apples (2| tons English, nearly) are supposed to 
i^ord 1,000 litres (220J gallons) of pure cyder ; and 600 litres of a small cyder made 
with the marc mixed with water and pressed. But many persons mix all together, and 
tiius manufacture 1,600 litres out of the above weight of fruit. In France, the fermented 
liquor, as soon as it is clear, is often racked off into casks containing the fumes of burn- 
ing sulphur, whereby it ceases to ferment, and preserves much of its sugar undecom- 
posed. It is soon afterward* bottled. Average cyder should yield 6 per cent, of alcohcd 
/on distillation. 



D. 

DAGUERROTYPE. This new and most ingenious invention for 'producing pic- 
tures by the action of light, is due to M. Daguerre and M. Niepce, two Frenchmen. 
It was purchased from them by the French government for the benefit of the nation at 
large ; but was made the subject of an exclusive patent in England by M. Daguerre, 
as that government never purchases any scientific invention. 

The fixation of the images, formed in the focus of the camera obscura, is made on 
▼ery smooth surfaces of pure silver plated on copper. The process is divided into five 
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«pemioiis. 1. The first consists in polishing nnd^ cleaning the silTer snrlkce, by fric- 
tion with cotton fleece imbued with olive oil, npon the plate, previonsly dusted over 
with very :finely-groTind dry pumice-stone out of a muslin bag. The hand of the 
operator should be moved round in circles, of various dimensions. The p^tes should 
be laid upon a sheet of paper solidly supported. The pumice must be ground to 
«n imjmlpable powder upon a porphyry slab with water, and then dried. The snr* 
iace is next to be rubbed with a dossil of cotton, slightly moistened with nitric acidi 
diluted with sixteen parts of water, by applying the tuit to the mouth of the phial ot 
mdd, and inverting it for a moment. Two or three such dossils should be used in 
succession. The plate is lastly to be sprinkled with pumice powder or Venetian 
tripoU, and rubbed clean with cotton. 

The next step is to heat the plate by placing it in a wire frame (fig, 23), with the 
silver surface uppermost, over a spirit lamp, meanwhile moving it so as to act equally 
cm every part of the plate. In about five minutes a whitish coating will indicate thM 
this operation is completed. The plate must now be laid upon a flat metal or marblo 
slab to cool it quickly. The white surface is to be brightened by rubbing it with 
cotton and pumice powder. It must be once more rubbed with the cotton imbued 
with acid, and afterward dried by friction -^^th. cotton and pumice ; avoiding to touch 
the plate with the fingers, or with the part of the cotton held in them, or to breathe 
upon the plate, since spots would thereby be produced. After cleaning with cotton 
alone, the plate is ready for the next operation. 

2. Here the following implements are required : 1, the box represented in figs, 24 
and 25 } 2, the thin board or frame, fig. 26 ; four small metalHc bands of the 
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metals as the plates, also shown in^g, 26, a small handle and a box of small nails or 
tacks, and a phial of iodine. 

After fixing, by the metallic bands and the small nails, the plate upon . the thin 
board, with the silver uppermost, several particles of iodine are then to be spread in 
the dish d, at the bottom of the box,^g5. 24, and 25. The thin board with the plate, 
is next placed, with the silver beneath, upon small supports at the four corners of the 
box, and its cover is applied. The plate must be left in this position till the surface of 
the silver acquires a fine golden hue, caused by the vapors of the iodine rising through 
the gauze cover of the dish, and condensing upon it; but it should not be allowed to 
assume a violet tint. The room should be darkened, and no heat should be employed. 
When the box is in constant use it gets impregnated with iodine, and acts more uni- 
fionnly and rapidly ; but in general states of the atmospheric temperature this operation 
will be eflected in about twenty minutes. If the purple color be produced, the plate 
must be repolished, and the whole process repeated. 

The plate with its golden hue is to be introduced with its board into the frame, figt, 
27, 28, 29, which is adapted to the camera obscuxa. During this transfer th^ light roust 
not be sufiered to strike upon the surface of the plate ; on which account, the camera 
ohscura may be lighted briefly with a small wax taper. 
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3. The plate is now submitted to ,tfae third operation, that of the camera obscnia, 
/lg«. 30 and 22 ; and with the least possible delay. The action of this machine is ob- 
viously quicker the brighter the light which acts upon it ; and more correct, according 
as the focns is previously accurately adjusted to the place of the plate, by moving 
backward and forward a roughened pane of glass, till the focal point be found ; and 
the plate is to be inserted precisely there, see figt. 27, 28, S^. This apparatus 
exactly replaces the ground glass. While the prepared plate is being fastened, the 
eamera must be closed. The darkening shutters, (, 6, of the apparatus are opened by 
means of the two semicircles a, a. The plate is now in a proper condition to receive 
and retain the impression of the image of the objects presented the moment that the 
eamera is opened. Experience alone can teach the proper length of time for sub- 
mitting the plate to the concentrated rays of light ; because that time varies with the 
climate, the seasons, and the time of day. More time should not be allowed to pass 
than what is necessary for fixing a distinct impression, because the parts meant to be 
clear would be apt to become clouded. 




4. The fourth is the operation with quicksilver, which must follow as soon as pos- 
sible the completion of the third. Here a phial of quicksilver, a spirit lamp (the 
apparatus represented in figs, 31 and 32), and a glass funnel with a long neck are re- 
quired. The funnel is used for pouring the mercury into the cup c, placed in the 
bottom of the apparatus, so as to cover the bulb of the thermometer/. No day-light 
must now be admitted, but that of a small taper only should be used by the operator 
in conducting the process. The board with the plate is to be withdrawn from the 
camera, and inserted into the grooves of the blackened board, bfig, 31. This black 
board is laid back into the box at an angle of 45 degrees with the horizon ; the pre- 
pared metal surface h being placed undermost, so that it may be viewed through the 
tide glass, g ; and the cover, a, of the box must be put down gently to prevent any par- 
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tides of mercury from being thrown about by the agitation of the air. The whole 
being thus prepared, the ^irit-lamp is lighted, and placed under the cup containing 
the mercury, and left there until the thermometer indicates a temperature of 140^ 
Fahr., when the lamp is to be removed. The heat should in no case be permitted to 
exceed 167° F. 

The impression of the image of nature i#now actually made upon the plate; but it 
is as yet invisible ; and it is only after a lapse of several minutes that faint tracings of 
the objects begin to be seen through the peep-glass by the momentary gleam of a 
taper. The plate should be left in the box till the thermometer has cooled to 113° F., 
when it is to be taken out. 

Afler each operation, the interior of the apparatus, and the black-board or frame, 
should be carefully wiped, in order to remove every particle of mercury. 

The picture may now be inspected in a feeble Ught, to see how far the process has 
succeeded. The plate, freed from the metallic bands, is to be placed in a box, pro- 
vided with a cover and grooves, to exclude the light, till it is made to undergo the fifth 
and last operation, which may be done after any convenient interval of time without 
detriment, provided the plate be kept in the dark. The following articles are now 
required : 1, strong brine, or a weak solution of hyposulphite of soda ; 2, the appa- 
ratus represented in jigs, 33 and 34 ; 3, two troughs of tin-plate ; 4, a jug of distilled 
water. The object of this process is to fix the photc^enic picture. One of the 
troughs is to be filled with brine to the depth of an indi, and the other with pure 
water, both liquids being heated somewhat under the boiling pitch. The solution of 
hyposulphite of soda is preferable, and does not need to be warm. The plate is to be 
first immersed in the pure water for a moment, and transferred immediately to the 
saline solution, and moved to and fro in it to equalize the action of the liquor. When- 
ever the yellow tint of the iodine is removed, the plate is to be lifted out by the 
edges, and dipped straightway in the water trough. The apparatus of figs, 33 and 34, 
is then brought into use, with a vessel fiUed with distilled water, hot, but not boiling. 
The plate, when lifted out of the water-trough, is to be placed immediately on the 
inclined plane e ; and without allowing it time to dry, is to be flooded over with tiie 
hot distilled water from the top, so as to carry oflf all the saline matter^ As the quick- 
silver which traces the images will not bear touching, the silvered plate should be 
secured by a cover of glass, made tight at the edges by pasting paper round them. 

Ivifig* 25, which is a plan-view of the iodine-box apparatus, c is an interior cover; 
d is the iodine-dish ; e is the thin board to which the silvered plate is fixed, as shown 
at fig, 24 ; g is the cover of the box ; h h are small rods, at the four corners of the 
inclined lining, fe, of the box, to support the lid c ; j is a gauze of wire-cloth cover, to 
diffuse the iodine vapor ; J^ is the wooden lining, sloping like a hopper ; <2 (2, in fig, 
27, are buttons to fasten the board on the doors ; e shows the thickness of the frame ; 
/is the silvered plate. In^g. 35, a is the ground glass of the camera; 6 is a mirror 
inclined about 45° to the horizon, by means of the rod /. The image of the object is 
easily brought into focus by moving forward or backward the sliding box d, in laying 
hold of it with both hands by the projections a, fig, 28. When the focus is adjusted, 
the thumb-screw, h, fixes the whole. The mirror is kept closed by two hooks at /, 
which take into small eyes at g. The frame and ground glass plate are withdrawn and 
replaced by the frame carrying the prepared plate, as represented in fig, 22, with the 
shading doors, h, open in the camera. These doors and the sliding-box d are lined with 
black velvet. The object-glass is achromatic and periscopic, the concave being outside 
in the camera ; its diameter is about 3} inches, and focus about 13 inches. A dia- 
phragm is placed before the object-glass, at 3) inches from it, and its aperture may be 
closed by a plate moving in a pivot. This camera reverses the objects from left to 
right ; but this may be obviated by placing a plane mirror on the outside beyond the 
aperture of the diaphragm, as B.t/,fig, 30, where it is fixed by means of a screw, k. 
Loss of light is thereby occasioned. 

Fig, 31, is an upright section, and^g. 32, a front elevation of the mercurial appara- 
tus : a, the cover ; 6, the black-board, with grooves to receive the board h; c the cup 
of quicksilver ; rf, the spirit-lamp : e, a small cock, through which the quicksilver may 
be run off, if the apparatus be laid to one side ; /, the thermometer ; g, a glass window; 
h, the board bearing the metallic plate ; /, a stand for the spirit-lamp, which is held by 
the ring k, so that its flame may strike the bottom of the cup. The whole of the inside 
of the apparatus should be blackened and varnished. 

Fig, 33, is a front view of the washing apparatus made of tin plate, varnished. The 
plates to be washed, are laid on the angular ledge, d; e is a ledge to conduct the water 
to the receptacle c. Fig, 34 is a side view of^ the washing apparatus. The imteBt 
was enrolled in February, 1840. (See Newton^s Journal^ C, S. xvi. 1.) 

Mr. Richard Beard having purchased from M. Daguerre a license to practise his 
invention above described, received from a foreigner a communication of certain im- 
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ptoTements for whkh he obtained a patent in June, 1840# Tlie fiist of these la 
the substitution of a concave reflecting mirror for the leas in the camera obscura. 
Fig, 36 represents in section a slight wooden box, a a, open at the front, opposite 
to the person sitting for the portrait. In the back part of the box a concave mirror, 
b, is placed, to reflect the rays coming from the person. A small frame, c, is fixed 
to an adjustable pedestal, dy which slides^ grooves in the bottoM of the box, for the 
purpose of being set at the focal point of the mirror. In this frame, c, a polished 
surface is first to be placed for trial, to receive the image correctly, as observed by the 
operator, by looking through the opening, e, in the top of the box. The prepared 
silvered plate is now substituted in the exact place for the trial one. The luminous 
impression being made, the slide, dy is withdrawn, and the plate removed ; carefully 
shut up ijn a box from the light. 

The second object of this patent is making the prepared surface more uniform, by 
passing two plates, with their silvered faces in contact, several times between hardened 
rollers, annealing them at a low red heat afler each passage. 

His third object is to use a compound of bromine and iodine, instead of the latter 
alone, for coating the silver ; which increases its sensibility to light, thereby shortening 
and improving the operation of taking likenesses. He also recommends to use a com- 
bination of iodine with nitric acid. Finally, -Mr. Beard finds that by placing a screen 
of any desired color behind the sitter, the appearance of his Daguerrotype portrait ia 
improved. {Newton's Journal, xxiii. 112.) 

M. A. J. F. Claudet, who had also purchased a license from M. Baguerre, obtained 
a imtent in December, 1841, for certain improvements upon the original process. His 
first object is to give the front of the camera obscura such an aperture as to admit 
the largest object-glass intended to be used ; and of such he provides a series of dif- 
ferent dgnensions, each attached to its board, that may be fitted by a slide to the front 
of the camera. 

One of the greatest difficulties in the Daguerrotype process was the impossibility of 
ascertaining the precise moment at which the light had produced, on the prepared 
plate, the efi'ect requisite for the vapor of mercury to bring out the image. By apply- 
ing that vapor to the plate while the silver surface is being acted upon by the light, 
the operator is enabled to see when his picture is complete. Another advantage of 
this joint operation is, that the effect of the mercury upon those parts of the plate 
which have been acted upon by the light, are more perfect when caused to take place 
immediately under the luminous influence. Hence, instead of using the distinct box 
with the cup of quicksilver, he places a cup containing that metal in the camera ob- 
scura, with its spirit-lamp, and exhales the vapors there. When the mercury has risen 
to the proper temperature, the aperture of the object-glass is thrown open, and the 
light, reflected from the object to be delineated, is allowed to operate. 

He watches the efifect through an opening in the side of the camera, where he views 
the prepared plate by the light of a lantern passing through a piece of red or orange- 
colored glass in the (other) side of the camera. Whenever the light and mercury, 
by their simultaneous action, have produced a good image, the object-glass is covered, 
and the silver plate, with its picture, removed, in order to be washed and finished. 
M. Claudet embellishes his Daguerrotype portraits by placing behind the sitter screens 
of painted scenery, which furnish pleasing back grounds. He specifies also various 
kinds of artificial illumination, to be used in the absence of solar light. (Newton's 
Joumaly C. S. xx. 430.) 

According to M. Barnard, Daguerre's iodized plate should be exposed for half a 
minute to the action of chlorine, mixed with a large proportion of common air; 
whereby it becomes so sensitive, that the pictorial impression i^ produced in the short 
space of time necessary for removing and replacing the screen of the camera. The 
mercury is afterward employed ; as also the hyposulphite wash. Daguerrotype pic- 
tures are colored by dusting oyer them powders of proper hues, which are immediately 
washed by passing the plate through water. What remains of the color aAer this ab- 
lution does not seem in the least to injure the appearance or alter the form of the 
image. It would seem that those parts of the picture which were at first bla<^, retain, 
after being washed, a larger proportion of the coloring matter than the lighter parts. 

Several valuable improvements seem to have been made in Vienna upon the Da- 
guerrotype process ; and among others, the mode of using chloriodine. 

The best form of J>ox for applying the chloriodic vapor is square, with its bottom of 
plate glass, supported a little above the table by feet, a thumb-screw being one of 
them, in order to give a certain inclination to the glass plate for spreading the chlor- 
iodine over it uniformly. A sheet of white paper being laid beneath the iSox, enables 
the operator to see whether the liquid chloriodine is properly distributed. Tliere is a 
gitwve round the top of the box, into which the ledge of the lid fits tight. A thennom- 
«ter ia placed in the box. 
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Vo^Uand's lenses consist of two achromatic object-glasses placed apait ; the lint near- 
est the object, having an aperture of 18 lines ; the second one of 19 lines ; the aoha fo» 
ens of the two is dj inches. A system of lenses of so short a focus with so large aper- 
tnres affords from 11 to 12 times more illumination than Daguerre's original apparatus 
did. The finest portraits can be produced in the course of from 10 to 30 seconds with 
this arrangement. Such an apparatus, elegantly made in brass, costs only 120 guldeu) 
or about 10 guineas. 

Voigtland has recently made a camera with two object-glasses, as abore arranged, 
each having an aperture of 37 lines, and a combined focus of 12 inches. By means of 
this instrument, portraits 5} inches in size can be made. The landscapes produced in 
them are very beautiful. Its price is 144 gulden, about 12 guineas. Along with the 
above apparatus, a box with a bottom of amalgamated copper is used for applying the 
vapor of mercury. 

By peculiar methods of polishing the silvered copper plate, peculiar tones and tints 
may be given to the picture. The olive-oil and pumice-powder are indispensable for 
removing the scratches from the plate and to render its surface uniform. If a delicate 
blue tone be desired, the plate should be a second time polished with sulphuric ether 
and washed tripoli ; and a third time with dilute nitric acid and Paris red, rubbing the 
plate lastly with a peace of washleather and crocus. But if a brownish black tone be 
wished for, a like series of operations is to be gone through, only instead of the ether 
and tripoli, spirit of ammonia and Vienna lime is to be used. 

To give the plate the utmost sensibility to light, a film of iodine should be given in 
the first place. If with dry iodine, this should be strewed, then covered with cotton, 
and lastly with a sheet of paper, and the plate above the last, but not so as to touch it. 
This may be done also with a solution of 1 part of iodine in 6 of spirits of wine, put 
into a saucer, which is laid on the bottom of the box, and covered with gauze. The 
plate is to be removed whenever it has acquired a faint brazen tint. By this means the 
plate receives the impressions of light so well as to produce good contrasts between the 
white and the dark places. The application of bromine afterward causes a rapid 
reception of the image, and occasions the deep bhick shades of an object. The best 
fcHin is broTM water, made by dissolving the bromine in a little distilled water, and then 
adding more, when it is wanted, till the solution acquires a straw-yellow color. A 
delicate thermometer being put into the box, the solution is to be spread uniformly on 
its glass bottom, the plate being laid oh above and covered up, while the time of expo- 
sure must be counted by seconds, with a clock or watch. If the temperature be 

41^ F., the time should be 258 seconds. 

50° 230 — 

69» 201 — 

68" 158 — 

7r 113 — 

By attending to these instructions, exact results may be always obtained. 
A second mode of experimenting is with bromiodine ; prepared by dissolving 1 part 
of bromine in an alcoholic solution of 5 parts of iodine ; and diluting this mixture with, 
water, till it acquires the color of Bavarian beer. The action of this application upon 
the plate is so rapid as hardly to leave time for consideration. It must be watched ev- 
ery inStant till the dark gold yellow tint appear, when it is ready for the camera. 

The best time of day for Daguerrotype operations is from an hour after the sun rises 
.tiU he comes within 45° of the meridian, and not again till he has passed the meridian 
by 45°. When the sitting is too long, the parts which should be pure white become 
of a dirty blue tint, and the dark parts become brown. . The picture is burnt, so to 
speak. 

Chloride of gold applied to the picture has the effect of fixing and enlivening the 
tints. A small graie being fixed by a clamp to the edge of a table, (he plate is laid 
upon it with the image uppermost, and overspread evenly with solution of chloride of 
gold, by means of a fine broad camel-hair brush, without letting any drop over the edge. 
A spirit lamp is now brought under the plate, and moved to and fro till a number of 
nnall steam bubbles appear upon the image. The spirit lamp must be immediately 
withdrawn. The remainder of the chloride solution must be poured back into the phial, 
to be used on another occasion. It is lastly to be washed and examined. This opera- 
tion has been repeated three or four timesVith the happiest effect, of giving fixity and 
force to the picture. It may then be wiped with cotton without injury. 

By dusting various pigment powders from small cotton-wool dossils upon the picture^ 
previously coated with an alcoholic solution of copal, and nearly dry, the appearance of a 
colored miniature has been very successfully imitated. The varnish must be applied 
delicately with one stroke of a broad brush of badger hair.* 

* See Fiaktisdis Anweisunf znm Dag«OR«typdreii,'Lslpiiff, *«., IMH 
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DEXTRINE. This sulMtance has exactly the same chemical composition as starchy 
consisting of 24 atoms of carbon, 20 of hydrogen, and 10 of oxygen ^Dumas) ; but it is 
distinguished from starch by its solubility in cold water, like gum, ana not being affect- 
ed by iodine. British gum, as it is called, or roasted starch, is merely dextrine some- 
what discolored ; a substance apparently used for the paste on the queen's head post- 
office letter-stamps. A process discovered by M. Payen, and patented in France by M. 
Henz^, for making dextrine, consists in moistening one ton of dry starch with water 
containing 4} lbs. of strong nitric acid. The starch thus uniformly wetted, is made up 
into small bricks or loaves, and dried in a stove. It is then rubbed down into a coarse 
powder, and exposed in a stove-room to a stream of air heated to about 160^ F. Being 
now triturated, siAed, and heated in a stove to about 228^ F., it forms a perfect dex- 
trine of a fair color ; because the acid acts as a substitute for the higher heat, used in 
making the British gum. Such an article makes a fine dressing for muslin and silk 
goods, and is much employed in French surgery, for making a stiff paste-support to the 
bandages of fractured limbs. 
DISTILLATION. Fig. 38 represents one form of the worm-safe, which is a con- 
trivance for permitting the distiller to 
observe and note at any period of the 
distillation the alcoholic strength or the 
specific gravity of his spirits, without 
access to the still or the means of pur- 
loining the product before it has paid duty. 
The nose-pipe of the worm-tub terminates 
in, and is firmly cemented to the side of the 
glass globe, a, from whose bottom the dis- 
charge-pipe descends vertically, but has a 
stop-cock upon it, and a branch small pipe 

b, turned up parallel to the former. This 
branch is surmounted with a glass cylinder, 

c, which, when the stop-cock is opened, gets 
filled with the spirits, and then receives a 
hydrometer to show the gravity of the fluid. 
The stop-cock mechanism is so contrived, 
that only one full of the small glass cylin- 
der can be obtained at a time. 

The following is the gross produce of 
the excise duties on British distilled spirits 
for the United Kingdom annuaUy from 
1830 to 1840 inclusive : 1831, 5,196,175/. ; 
1832,5,163,373/.; 1833,5,258,572/.; 1834, 
5,287,032/.; 1835, 5,073,276/.; 1836, 5,- 
485,883/.; 1837,5,006,697*.; 1838,6,451,792/.; 1839,5,363,220/.; 1840,5,208,040/. 
The net produce is very nearly the same. In 1838, 26,486,543 millions of gallons paid 
duty; in 1839, 25,190,843 ^ and in 1840, 21,859,337. See Rum, Spibits^ and Still. 




E. 

ELECTRO-METALLURGY. By this elegant art, perfectly exact copies of any 
object can be made in copper, silver, gold, and some other metals, through the agency 
of voltaic electricity. The earliest application of this kind seems to^ave been prac- 
tised about ten years ago, by Mr. Bessemer, of Camden Town, London, who deppsited 
a coating of copper on lead castings, so as to produce antique heads in relief, about 3 
or 4 inches in size. He contented himself with forming a few such ornaments for his 
mantel-piece ; and though he made no secret of his purpose, he published nothing upon 
the subject. A letter of the 22d of May, 1839, written by Mr. J. C. Jordan, which ap- 
peared in the Mechanics* Mag, for June 8, following, contains the first printed notice of the 
manipulation requisite for obtaining electro-metallic casts ; and to this gentleman, there- 
fore, the world is indebted for the first discovery of this new and important application 
of science to the uses of life. It appears that Mr. Jordan had made his experiments in 
the preceding summer, and having become otherwise busily occupied, did not think of 
publishing till he observed a vague statement in the journals, that Professor Jacobi, of 
St. Petersburg, had done something of the same kind. Mr. Jordan's apparatus consisted 
of a glass tube closed at one extremity with a plug of plaster of Paris, and nearly filled 
with a solution of sulphate of* copper. This tube, and its contents, were immersed in 
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- a solntion of common salt. A plate of copper was plunged in the cupreous solution, 
and was connected by means of a wire and solder, with a zinc plate dipped in the 
brine. A slow electric action was thus established through the moist plaster, and 
copper was deposited on the metal in a thin plate, corresponding to the former in 
smoothness and polish ; so that when he used an engraved metal matrix, he obtained 
an impression of it by this electric agency. " On detaching the precipitated metal," 
says he, '' the most delicate and superficial markings, from the fine particles of powder 
used in polishing to the deeper touches of a needle or graver, exhibited their corres- 
pondent impressions in relief with great fidelity. It is, therefore, evident that this 
principle will admit, of improvement, and that casts and moulds may be obtained 
from any form of copper. This rendered it probable that impressions might be obtained 
from those other metals having an electro-negative relation to the zinc plate of the 
battery. With this view a common printing type was substituted for the coppei^plate, 
and treated in the same manner. This, also, was successful; the reduc^ copper 
coated that portion of the type immersed in the solution. This, when removed, was 
found to be a x>crfect matrix, and might be employed for the purpose of casting, where 
time is not an object. Casts mdy probably be obtained from a plaster surface sur- 
rounding a plate of copper, &c." ^ 

On the 12th of September following the above publication, Mr. Thomas Spencer 
read a paper ^' On Voltaic Electricity applied to the purpose of working in Metal," 
before the Polytechnic Society of Liverpool ; which he had intended to present to the 
British Association at Birmingham in the preceding August, but not being well received 
there, he exhibited merely some electro-metallic casts which he had prepared. The 
society puUished Mr. Spencer's paper, and thereby served to give rapid diffusion to the 
practice of electro-metallurgy. 

One of the most successful cultivators of this art has been Mr. C. V. Walker, 
secretary to the London Electrical Society. He has published an ingenious little work 
in two parts, entitled Electrotype Manipulation, where he presents, in a lucid manner, 
the theory and practice of working in metals, by precipitating them from their solutions 
through the agency of voltaic electricity. His first part is devoted to the explanation 
of principle*;, to the preparation of moulds, to the description of the voltaic apparatus 
to be used, to bronzing, to coating busts with copper, to the multiplication of engraved 
plates, and to the deposition of other metals. 

Fig. 39 represents a single cell voltaic apparatus for electro-metallurgy: z is 
a rod of amalgamated zinc, m is the mould on which the metal 
is to be deposited ; w, is the wire joining them ; c, is a strong 
solutiou of sulphate of copper in the large vessel; p, is a tube 
or cylinder of porous earthenware, standing in the other, and 
containing dilute sulphuric acid. The solution of blue vitriol is 
kept saturated, during the progress of its depositing copper, by 
piling crystals of the salt upon the shelf, shown by the dots under p. 
The mould to be coated should not be too small in reference to 
the surface of zinc under voltaic action. The time for the depo- 
sition to be effected depends upon the temperature ; and is less the 
higher this is within certain limits ; and at a freezing temperature 
it ceases almost entirely. When a mould of fusible metal is used, 
it should not be placed in the voltaic apparatus till everything 
is arranged, otherwise oxide will be deposited upon it, and spoS 
the effect. When the circuit is completed the mould may be im- 
mersed, but not before. Wax moulds are rendered electric con- 
ductors, and thereby depositors as follows: AAer breathing on 
the wax, rub its surface with a soft brush dipped in plumbago ; breathing and 
rubbing alternately till the surface be uniformly covered. Attach a clean wire 
to the back of the mould, connecting it by plumbago with the blackened wax. 
Sealing-wax is coated in like manner. Casts of Paris plaster are first well im- 
bued with melted wax or tallow, and then black-leaded. Objects in Paris plaster 
should be thoroughly penetrated with hot water, but not wet on the surface, 
before wax cast^ are made from them. Moulds are best taken from medals in stearine 
(stearic acid). For plating and gilding by electro-chemical agency, the following 
simple plan of apparatus is used. Fig, 40 is a rectangular porcelain vessel, which 
contains in its centre a poroas cell fbr containing the solution of oxide of silver or 
gold, by means of cyanide of potassium ; and this porous cell is surrounded at a little 
distance by a similarly formed vessel of zinc. The connexion is formed between the 
line and the suspended object to be coated, either by a pinching screw, or by the 
pessure of its weight upon the wire. The dilute acid which excites the zinc should, 
in this case, be very weak, in reference to the strength of the cyanide solution, which 
should be recruited occasionally by the addition of oxide. 

6 
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It has been fbmid that with cyanide solutions of gold and silTer in the 
chemical apparatus, the nascent cyanogen at the positive pole or plate, in a dec(»i' 
position cell, will act npon and dissolve gold and silver. Two or three of DanieU's 
cyUwlric cells, as shown at a in ^g. 41, of a pint size, for acting npon solutions of 





gold or silver, will in general suffice. The decomposition ceU b is made of glass or 
porcelain. The zinc may be amalgamated, and excited with- brine; the copper cell 
contains, as usual, a solution of blue vitriol. To the end of the wire attached to tho 
copper cylinder of the battery, a plate of silver or gold is affixed ; and to the end of 
the wire attached to the zinc cylinder is affixed the mould, or surface, to be plated or gilt. 
The plates of silver or gold and zinc should be placed face to face as shown in the figure 
in the decomposition cell ; which is filled by the cyanide solution. A certain degree 
of heat favors the processes of electro-gilding and plating. The surface is dead as first 
obtained, but it may be easily polished with leather and plate-powder, and burnished in 
whole or in parts with a steel or agate tool. 

In March, 1840, Messrs. Elkington obtained a patent for the use of pruasiatt of 
potash, as a solvent for the oxides of gold and silver in the electro-chemical apparatus 
for plating and gilding metals. They also '^ sometimes employ a solution of protoxide 
(purple of Cassius) in the muriates of potash, &c." The chemical misnomers, in their 
specification, are very remarkable, and do great discredit to the person employed to 
draw it up. Prussiate of potash is the ordinary commercial name of a salt very different 
from the cyanide of potassium — the substance really meant by the patentees — and the 
purple of Cassius is very different from protoxide of gold. 

In plating or gilding great care must be bestowed in making the articles clean, bright, 
and perfectly free from the least film of grease. For this purpose, they should be 
boiled in a solution of caustic alkali, then scoured with sand and water, next dipped 
into a dilute acid, and finally rinsed with water. A solution of the nitrate or cyanide 
of mercury may also be used with advantage for cleaning surfaces. The following 
metals have been deposited by electro-chemistry : — 

Gold, platinum, silver, copper, zinc, nickel, antimony, bismuth, cobalt, palladium, 
cadmium, lead, and tin ; of these, the first five are the most important and valuable. 
The gilding solution may be prepared by placing slips or sheets of gold in a solution 
of cyanide of potassium, and attaching to the negative pole of a voltaic battery, a small 
plate of gold, but to the positive pole a much larger one ; whereby the latter com- 
bines with the cyanogen, under the influence of positive electricity, and forms a solu- 
tion. Or, oxide of gold, precipitated from the chloride by magnesia, may be dissolved 
in the solution of the cyanide. 

For making copper medals, &c., a plate of amalgamated zinc is to be put into a 
vessel of unglazed earthenware, or of any other porous substance, filled with dilute sul- 
phuric acid ; which vessel is set into a trough of glass, glazed pottery, or pitched wood, 
containing blue vitriol in the state of solution, as well as in the state of crystals upon a 
perforated shelf, near the surface of the liquid. 

The moulds to be covered with copper are to be attached by a copper wire to the 
zinc plate. The surface of zinc excited by the acid should be equal to that of the 
moulds ; with which view a piece of zinc, equivalent in size to the mould, should be 
suspended in front of it. 

For depositing copper upon iron, Messrs. Elkington use a solution of ferroeymdde 

' of copper in cyanide of potassium in the decomposition trough, instead of sulphate of 

copper, neutralized from time to time with a little caustic alkali, as in the commoa 
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practice of making medals, &c., of copper. I shonld imagine that the black oxide of 
copper dissolved in solution of cyanide of potassium would answer better ; . as the iron 
in the ferrocyanide might be rather injurious. The iron to be coppered being previously 
well cleaned from rust, &c., with the aid of a dilute acid, is to be plunged into the 
cyanide solution heated to 120° Fahrenheit, and connected by a wire with the negative 
pole of a voltaic battery, as formerly described. In from five to ten minutes, the iron 
will be completely coated. It is then to be scoured '^th sfmd, and plunged into solution 
of sulphate of copper ; whereby it will show black spots wherever there are any defec- 
tive places. In this case, it is to be cleaned and replaced under the cyanide solution, 
in the decomposition cell for a minute or two. Zinc may be deposited from a solution 
of its sulphate by a like arrangement. 

Metallic cloth may be made as foUows : — On a plate of copper attach quite smoothly 
a stout linen, cotton, or woollen cloth, and connect the plate, with the negative pole of 
a voltaic battery ; then immerse it in a solution of copper or other metal, connecting a 
piece of the same metal as that in the solution with the positive pole ; decomposition 
takes place, and the separated metallic particles in their progress toward the metal 
plate or negative pole, insinuate themselves into the pores of the tissue, and form a com- 
plete sheet of flexible metal. Lace is metallized by coating it with plumbago, and then 
, subjecting it to the electro-metallurgic process. 

The gilding solution should -be used in the electric process at a temperature of 
130° F. The more intense the electric power, the denser and harder is the metallic 
coat deposited. 

Metallic silver may be combined with cyanogen by subjecting it to the joint action 
of a solution of cyanide of potassium and positive electricity. Or cyanide of silver may 
be precipitated from the nitrate by a little cyanide of potassium, and aAerward dissolved 
by means of an excess of cyanide of potassium. The quantity of electric power or sur- 
face-size of the battery should in all cases be proportioned to the surface of the articles 
to be placed or gilt, and the electric intensity or number of sets of jars proportioned to 
the density of the solution. Plating is accomplished in from 4 to 6 hours. The articles 
should be weighed before and after this operation, to ascertain how much silver they 
have taken on. 

Messrs. Elkington make their moulds with wax, combined with a little phosphorus, 
which reduces upon their surfaces a thin film of gold or silver, from solutions of these 
metals, which films are better than the blackleaded surfaces for receiving the copper 
deposite. They also recommend to add a little alkali to the solution of sulphate of 
/copper, intended to afford a deposite of metal. The single cell, first described above, 
is best adapted for this purpose. . 

M. Ruolz employs for gilding, a solution of sulphuret of gold in sulphuret of potas- 
sium, which he prepares by precipitating a solution of gold in aqua regia, by sulphu- 
retted hydrogen, and redissolving the precipitate with sulphuret of potassium. By 
the use of this solution of gold, he obtains a very beautiful and solid gilding, and at less 
expense than with cyanide of potassium. Every metal which is a negative electrode to 
gold may be gilded. 

Platinizing is effected best by means of a solution of the potash-chloride of platinum 
in caustic potash. 1 milligramme (0*015 grain) covers completely a surface of 5(0 
square centimeters (2 inches square) ; the film of platinum is only one hundredth of a 
nulligramme thick. 

M. Boettger has shown that we may easily tin copper and brass in the moist way by 
dissolving peroxide of tin (putty) in hydrate of potash (caustic potash ley), putting at 
the bottom of the vessel holding that solution some turnings of tin, setting the piece 6f 
copper or brass upon the turnings, and making the liquor boil. An electric current is 
produced by the contact of the dissimilar metals ; and as the tin is withdrawn by the 
copper or brass from the solution, it is restored to it by the turnings. Zinking may be 
done in the same way ; by putting pieces of zinc into a concentrated solution of chlorine, 
by setting the piece of metal to be zinked in contact with these pieces, and applying heat 
to the vessel containing the whole. 

For certain new methods of constructing and arranging voltaic batteries for electro- 
metallurgic operations, a patent was obtained by Dr. Leeson in June, 1842. 

Fig. 42, is a longitudinal section of the battery, wad fig, 43, a plan view of the frame 
to which the metal plates are attached, a' is a rectangular wooden trough, containing 
a wooden frame 6,fo^edwith vertical grooves in its sides, to receive a series of porous 
cells c, c, c. The plates of the battery are suspended in the fluid or fluids by brass 
forks dy dy fastened to a wooden frame e, e, which rests upon the trough a, and is con^ 
nected to the other frame h, by two pins/, when they are required to be raised together 
out of the trough a, a. 

The battery may be charged as usual with one or two fluids ; one of them in the latter 
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case being contained in the porous cells c, c, c; and plates of copper and zinc, or any 
other suitable metals, may be employed. 

The second improvement consists in cleaning copper and zinc plates after they have 
been used in a battery, by the employment of a voltaic battery ; and also in amalga- 
mating or coating with mercury the surfaces of zinc plates, by the same means to render 
them suitable for being used in the construction of the voltaic apparatus. 

The third improvement ^consists in exciting electricity by a combination of nitric, 
sulphuric, or muriatic acid, with any of the following substances ; viz., impure ammoniacal 
or lime liquor of the gas works, solutions of alkaline and earthy sulphurets, the alkalies 
and their carbonates, or lastly the acidulous sulphate of iron generated from iron 
pyrites. 

43 

^ ^ ^ ^ A_ 




Another of Dr. Leeson's manifold improvements is for depositing metallic alloys, 
consists in the employment of one battery, with the ^' alternating cathode," represented 
in fig, 44. It is composed of a beam, a, mounted on the shaft, 5, which turns in bear- 
ings carried by standards, c ; the beam communicates with the anode of the battery by 
the wire, d, and a vibrating mption is given to it by the rod, e, from the shaft,/, which 
is driven by an electro^magnetic engine, or any other suitable prime mover, g, g, are 
two vessels containing mercury, connected by wires, h, h, with the cathode plates of the 
two metals composing the alloy (but if the alloy is to consist of more than two metals, 
then more vessels, g, will be required, for one each cathode pla^te) ; these plates are 
immersed in a solution composed of similar salts of the diQ'erent metals to be deposited, 
together with the anode, or surCkce to be deposited upon, which is connected by a wire 
with the cathode of the battery. A communication is established between the two 
cathode plates, or supply metals, and the anode of the battery, by means of the rods, t,.i, 
which are caused, by the vibration of the beam, a, to dip alternately into either the one 
or the other of the vessels, g ; and thus each metal will be deposited on the article 'to 
be coated, during the time that the connexion is established between it and the battery, 
by the immersion of its rod into the vessel of mercury. The relative proportions of the 
two metals is adjusted by lengthening or shortening the rods, t. i, as shown in the figure, 
so that they may be immersed for a longer or shorter period in the mercury. 

Where the electrical current enters the electrolyte, is the anode ; where it leaves it, is 
the cathode. 

The patentee describes ten other improvements, which seem to be ingenious. See 
Newion'$ Journal^ xxii. 292. 

ELEMENTS, CHEMICAL. The catalogue given in the Dictionary has been 
augmented by four new bodies ; Lanlhanium, Didymiumy from Cerium ; Erbium and 
T$r1num, from Yttria. 
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ELVAN. The name giveii by the Cornish miners to porphyry, as also to the hetero- 
geneous rocky masses which occur in the granite or in the clay slate, deranging the 
direction of their metallic veins, or even the mineral strata : but el van gener^y indi- 
cates a felspar porphyry. 

EMBOSSING OF LEATHER. Beautiful ornaments in basso-relievo for decorating 
tbe exteriors or interiors of buildings, medallions, picture-frames, cabinet-work, Ate, 
have been recently made by the pressure of metallic blocks and dies, for which inven- 
tion a patent was obtained in June, 1839, by M. Claude Schroth. The dies are made 
of type-metal, or of the fusible alloy with bismuth, called d'Arcet's. The leather is 
beaten soft in water, then wrung, pressed, rolled, and fulled as it were, by working it 
with the hands till it becomes thicker and quite supple. In this state it is laid on the 
mould, and forced into all its cavities by means of a wooden, bone, or copper tool. In. 
other cases, the embossing is performed by the force of a press. The leather, when it 
has become dry, is easily taken off the mould, however deeply it may be inserted into 
its crevices, by virtue of its elasticity. A full detail of all the processes is given in 
Newton'i Journal, vol. xxii., p. 122. 

ENAMELLING of Cast Iron and other Hollow Ware for Saucepans, ^c. In Decem- 
ber, 1799, a patent was obtained for this process by Dr. Samuel Sandy Hickling. His 
specification is subdivided into two parts : — 

1. The coating or lining of iron vessels, &c., by fusion with a vitrifiable mixture, 
composed of 6 parts of calcined flints, 2 parts of composition or Cornish stone, 9 parts 
of litharge, 6 parts of borax, 1 part of argillaceous earth, 1 part of nitre, 6 parts of calx 
of tin, and 1 part of purified potash. Or, 2dly, 

8 parts of calcined flints, 8 red lead, 6 borax, 5 calx of tiji, and 1 of nitre. Or,*dIy, 

12 of potter's composition, 8 borax, 10 white lead, 2 nitre, 1 white 'marble calcined, 
1 argillaceous earth, 2 purified potash, and 5 of calx of tin. Or, 4thly, 

4 parts calcined flint, 1 potter's composition, 2 nitre, 8 borax, 1 white marble cal- 
cined, i argillaceous earth, and 2 calx of tin. 

Whichever of the above compositions is taken, must be finely powdered, mixed, fused ; 
the vitreous mass is to be ground when cold, silled, and levigated with water. It is 
then made into a pap with water or gum-water. This pap is smeared or brushed over 
the interior of the vessel, dried, and fused with a proper heat in a muffle. 

Calcined bones are also proposed as an ingredient of the flux. 

The fusibility of the vitreous compounds is to vary according to the heat to be applied 
to the vessel, by using various proportions of the siliceous and fluxing materials. Cod- 
ors may be given, and also gilding. 

The second part or process in his specification describes certain alloys of iron and 
nickel, which he casts into vessels, and lines or coats them with copper precipitated 
from its saline solutions. It also describes a mode of giving the precipitated copper a 
brassy surface by acting upon it with an amalgum of zinc with the aid of heat. 

A factory of such enamelled hollow wares was carried on for some time, but it was 
given up for want of due encouragement. 

A patent was granted to Thomas and Charles Clarke on the 25th of May, 1839^ for 
a method of enamelling or coating the internal surfaces of iron pots and saucepans, in 
such a way as shall prevent the enamel from cracking or splitting off from the effects 
of fire. The specification prescribes the vessel to be first cleansed by exposing it to 
the action of dilute sulphuric acid (sensibly sour to the taste) for three or four hours, 
then boiling the vessel in pure water for a short time, and next applying the composition. 
This consists of 100 lbs. of calcined ground flints ; 50 lbs. of borax calcined, and finely 
ground with the above. That mixture is to be fused and gradually cooled. 

40 lbs. weight of the above product is to be taken with 5 lbs. weight of potter's clay ; 
to be ground together in water until the mixture forms a pasty-consistenced mass, 
which will leave or form a coat on the inner surface of the vessel about one sixth of an 
inch thick. When this coat is set, by placing the vessel in a warm room, the second 
composition is to be applied. This consists of 125 lbs. of white glass (without lead), 
25 lbs. of borax, 20 lbs. of soda (crystals), all pulverized together and vitrified by fu- 
sion, then ground, cooled*,in water, and dried. To 45 lbs. of that mixture, 1 lb. of soda 
is to be added, the whole' mixed together in hot water, and when dry, pounded ; then 
sifted finely and evenly over the internal surface of the vessel previously covered with 
the first coating or composition, while this is still moist. This is the glazing. The 
vessel thus prepared is to be put into a stove, and dried at the temperature of 212^ F. 
It is then heated in a kiln or muffle, like that used for glazing china. The kiln being 
brought to its full heat, the vessel is placed first at its mouth to heat it gradually, and 
then put into the interior of the fusion of the glaze. In practice it has been found ad- 
vantageous also to dust the glaze powder over the fused glaze, and apply a second 
fliuxing heat in the oven. The enamel, by this doable application, becomes muck 
smoother and sounder. 
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Messrs. Kenrick of West Bromwich having produced in their factory and sent into 
the market some excellent specimens of enamelled saucepans of cast iron, were sued by 
Messrs. Clarke for an invasion of their patent rights ; but af^er a long litigation in 
chancery, the patentees were nonsuited in the court of exchequer. The previous pro- 
cess of cleansing with dilute sulphuric acid appeared by the evidence on the trifd to 
have been given up by the patentees, and it was also shown by their own principal 
scientific witness that a good enamelled iron saucepan could be made by Hickling^s 
specification. In fact, the formulae by which a good enamel may be compounded are 
almost innumerable ; so that a patent for such a purpose seems to be untenable, or at 
least most easily evaded. I have exposed the finely-enamelled saucepans of Messrs. 
Kenrick to very severe trials, having fused even chloride of calcium in them, and have 
found them to stand the fire very perfectly without chipping or cracking. I consider 
such a manufacture to be one of the greatest improvements recently introduced into 
domestic economy ; such vessels being remarkably clean, salubrious, and adapted to 
the most delicate culinary operations of boiling, stewing, making of jellies, preserves, 
&c. They are also admirably fitted for preparing pharmaceutical decoctions, and ordi- 
nary extracts. 

The enamel of the said saucepans is quite free from lead, in consequence of the glass 
which enters into its composition being quite free from that metal. In several of the 
saucepans which were at first sent into the market by Messrs. Clarke, their enamel 
was found on analysis by several chemists to contain a notable proportion of oxide of 
lead. In consequence of the quantity of borax and soda in the glaze, this oxide was so 
readily acted upon by acids, that sugar of lead was formed by digesting vinegar in them 
with a gentle heat. The pi^esence of this noxious metal formed, in my opinion, a legit- 
imate ground for contesting the patent, being in direct violation of the terms of the 
specification. Messrs. Kenwick's wares have been always free from this deleterious 
metal. Messrs. Clarke, I understand, have for some time been careful to reject from 
their enamel-composition all glass which contains lead ; and they now manufacture also 
wholesome enamelled ware. Thus the public have profited in a most important point 
by the aforesaid litigation. 

Enamelled iron saucepans had been many years ago imported from Germany, and 
sold in London. I had occasion to analyze their enamel, and found to my surprise 
that it contains abundance of litharge or oxide of lead. The Prussian government has 
issued an edict prohibiting the use of lead in the enamelling of saucepans, which are so 
extensively manufactured in Peiz, Gleiwitz, &c. Probably the German ware sent to 
England was fabricated for exportation, with an enamel made to flux easily by a dose 
of litharge. The composition of the said enamel is nearly the same with that which I 
found upon sone of the earlier saucepans of Messrs. Clarke. Had their patent been 
sustained, the important legal question would have arisen, whether it gave the patentees 
the power of preventing dealers from continuing to sell what they had been habitually 
doing for a great many years. 

A suitable oven or muffle for lining or coating metals with enamel may have the fol- 
lowing dimensions : — 

The outside, 8 feet square, with 14-inch walls ; the interior ipu^e, 4 feet square at 
bottom, rising 6 inches at the sides, and then arched over ; the crown may be 18 inches 
high from the floor : the muffle should be built of fire-brick, 2| inches thick. Another 
arch is turned over the first one, which second arch is 7 inches wider at the bottom, and 
4 inches higher at the top. A 9-inch wall under the bottom of the muffle at its centre 
divides the fireplaces into two, of 16 inches width each, and 3 feet 3 inches long. The 
flame of the fire plays between the two arches and up through a 3-inch flue in front, and 
issues from the top of the arch through three holes, about 4 inches square ; these open 
into a flue, 10+9 inches, which runs into the chimney. 

The materials for the enamel body (grourid flint, potter's clay, and borax) are first 
mixed together and then put into a reverberatory furnace, 6 feet 6 inches long, by 3 
feet 4 wide, and 12 inches high. The flame from an 18-inch fireplace passes over the 
hearth. The materials are spread over the floor of the oven, %bout 6 inches thick, and 
ignited or fritted fdr four or five hours, until they begin to heave and work like yeast, 
when another coating is put on the top, also 6 inches thick, and fired again, and so on 
the whole day. If it be fired too much, it becomes hard and too refractory to work in 
the muffles. The glaze is worked in an oven similar to the above. It may be composed 
of about one half borax and one half of Cornish stone in a yellowish powder procured 
firom the potteries. This is fritted for 10 hours, and then fused into a glass which is 
ground up for the glaze. 

EVAPORATION. For the following scheme of generating, purifying, and con- 
densing steam, Mr. Charles Clark, merchant, London, obtained a patent in January^ 
1843. His apparatus for converting sea-water, &c., economically into good iresh 
water, is represented in figa, 46, 47, 48. A is the supply-cistern, which communicatea 
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with a pipe a, 'with a self-regulating ednction apparatiu B. C i» a stroiig wrovglii 
iron cylinder, fitted at bottom into a flanged ring-place, c, and corered with a coaical 




top ; it is about two thirds filled with the water, to be operated upon. D is a cyliik- 
drical furnace concentric with the water cylinder C ; (2 is an upward air and water- 
tight tube, which serves both as a feed-pipe, through which the fuel is supplied to the 
furnace, and as a passage for the escape of the smoke, and other gaseous products of 
combustion ; e is a hinged trap door through which the fuel is passed into the tube d ; 
A is a chimney into which the pipe d terminates ; and t, a damper, by which the degree 
of activity given to the furnace can be regulated at pleasure ; / is an open air pipe ; 
-which leads from the outside, through the boiler into the furnace, a little way above 
the fire bars, and assists in securing a good draught through the furnace into the 
ichimney. To the water cylinder C there are attached gauge-cocks, g g, for ascertaining 
from time to time the height of the water; Ms a cock or tap for drawing off th« 
brine, and other residual matters which collect at the bottom of the boiler ; m is a 
screw-cap and hole, through which access may be had to the interior of the water 
cylinder C, when it needs to be cleaned ; £ is a short pipe fitted into the coniccd top^ 
of the water cylinder C, which conveys the steam generated in it, into the steam-head 
or receiver F ; 6 is a concave plate, resting upon the top of the pipe E, a little larger 
than that pipe, and kept steady by a weight, k, of one or more pounds, suspended tcwa\ 
It by wires. This plate prevents, in a great measure, the escape water escaping kkto. « 
the steam-head (an accident commonly called priming in steam engines ; because>. 1^ , 
the steam has acquired a pressure exceeding that of the counterweight ky it caA QyQt 
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raiie the weight 6, so as to escape freely into the steam-head F, since any particle of. 
water must, during the rising of the cap G, strike against it, and drop back, either into 
the water cylinder C, through the pipe £, or into the space round that pipe at the 
bottom of the steam-head F ; whence it may be withdrawn by the cock shown in the 
drawing. H is a pipe which conveys the steam from the steam-head F to the rectifier 
R. This consists simply of a cylinder (about one third the size of the cylinder C) 
laid horizontally, in the lower part of which a body of water speedily collects, and serves 
to retain any particle of undecomposed matter, which may come over with the steam, as 
it continues to flow in from the boiler ; whereby only its purer portions may pass oflf 
from the rectifier R, by the pipe N. n is a cock or tap, at the bottom of the cylinder R 
for drawing ofi* its water occasionally ; RUs a second steam-rectifier, like R, into which 
the steam, passes from the pipe N, and is thereby still further purified ; but when the 
proportion of saline matter is small, R' may be dispensed with, and for very foul water, 
two or three more such rectifiers may be added. 

The condenser for liquefying the purified steam, and aerating the resulting water, 
is shown at t^, t^, /3. It is composed of conical upright compartments conmiunicating 
with each other ; the chamber ^ is surrounded by the water in the cistern A (slightly 
heated by the steam m that chamber), while the chambers ti and t^ are exposed freely 
to the air. The lowest of these, tB, terminates at bottom in a tube, u, containing at the 
mouth of the cone two or three plates of perfbrated zinc, for admission of the atmo- 
sphere. An upright steam-tight tube of zinc, at about the middle of the lowest 
chamber, t^, and is continued to the top of the uppermost chamber, />, having two lateral 
branches. This tube is closed at its lower end, but open at top, and at the ends* of the 
two branches, to give a draught of cool air into the tube, and a rapid flow of heated 
air from the top of the tube. W, W, are pipes which pass externally from about the 
middle of the chamber U, to near the bottom of the chamber tK At their tops they 
are of large dimensions, as represented, but diminish gradually to small pipes at bottom. 
Of these pipes, there should be as many as can be conveniently applied, in order that 
the process of condensation may be eflfectually promoted. 

From the second rectifier, R', the steam is conveyed by a pipe, w, of gradually in- 
cr^sing dimensions, to near the top of the middle chamber, /, whence it diffuses itself 
through the three chambers, where it gets condensed. The hottest steam passes into 
t\ and is there most powerfully condensed; The main body of the water produced 
therefrom, either drops directly into the bottom of the chamber t^, or runs down the in- 
clined sides of the chambers i^, H, t^, thence through the outer pipes W, W, arid out at 
the bottom of the tube, getting partially aerated in its progress, by means of the air as- 
cending constantly through the tube «. 

Z, Z, is an auxiliar steam-pipe from the rectifier R^, passing twice or thrice close 
round the watei^supplying the cistern, A, and terminating in a cylinder which commu- 
nicates by pipes with the chambers, i^ and U ; whereby all the water thus condensed 
may fall through the perforated zinc plates, into the general discharge tube, tt. X is 
an outer casing of wood or metal, leaving a small space round the condenser, with draught- 
holes, X, X, for the admission of air. The refrigerator is made of protected metal (" tinned 
copper i") and divided into three compartments,' yi, ys, ys. 

In the top of y^, the end of the discharged tube u is inserted ; and at a little distance 
from this tube there are air apertures, a, a, furnished with shutters in the inside, 
slanting from the top downward, to prevent as much as possible the escape outward 
of any vapor which may occasionally be carried down with the water from the con- 
denser. The middle compartment, ys, is perforated, convex at top, and concave at 
bottom ; so that the water that drops from the tube u, in the convex top of ys, falls oflf 
laterally through small pipes into the chamber y3, while its concave bottom turns the 
water into a central filtering-box, c, that projects a little into y3, set to receive it. 
For aerating this water, the bottom of y2 is covered about an inch deep with small 
pebbles. y3, which is the reservoir of the purified cool water, is perforated with small 
holes, ci, ci, are small pipes for promoting a continual upward flow of cold air. y3 is 
furnished with a tap to draw off its water, as required. 

For redistilling or rectifying spirituous liquids, the apparatus, fig. 47, is employed ; 
in which the supply cistern A is much larger, and close at top ; the upper condensing 
chambers, t^, U, are also larger, but the lowest, i^, is narrowed. The second rectifier 
of fig. 46, is removed. The feints collect in the bottom of the rectifier R, to be drawn 
off by a cock ; while the rectified spirit passes off at top into the condenser. The refri- 
gerator has only two compartments, and no pebbles. F is a funnel into which the 
spirits may be returned for redistillation. 

For extracting the soluble matter of vegetable infusions, the apparatus, shown in 
fig. 48, is used: The rectifier is vertical, has a screw-capped hand-hold,/, for admitting 
the vegetables, g is a steam-pipe ; and A is a funnel for returning portions of the 
liquid extract. R is connected by a pipe, k, with the condenser, T, made in two por^ 
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tiims, fitted water-tiglit together, but separable for the purpose of deansing. The 
steam which passes from the boiler into the rectifier R disengages the soluble portion 
of the vegetable substances, and, if they be volatile, carries them off to the condenser ; 
if not, it combines and falls with them to the bottom of the vessel, whence this portion 
of the extract is drawn off by the cock, and a fresh charge may be introduced. The 
steam is shut off from the rectifier R by a cock on the pipe g. When the steam is 
afterward admitted to assist the process of maceration, the supply of it is regulated by 
the stop-cocks in the pipes g and k> — Newton's Journal, xxiii. p. 247, C. S. 

EXTRACTS. These preparations of vegetables for medicinal use are made either 
1>y evaporating the infusions of the dried plant in water, or in alcohol, or the ex- 
pressed juice of the fresh plant ; and this evaporation^ may be effected by a naked fire, 
a sand bath, an air bath, a steam heat, or a liquid balneum of any nature, all of which 
may be carried on either in the open air, or in vacuo. Of late yeai^, since the vacuum- 
pan has been so successfully employed in concentrating syrups in sugar-houses, the 
same system has been adopted for making pharmaceutical extracts. An elegant 
apparatus of this kind, invented by Mr. Barry of Plough Court, was made the subject 
of a patent alb^out 25 years ago. The use of the air-pump for evaporating such chemical 
substances as are readily injured by heat, has been very common since Professor Les- 
lie's discovery of the efficacy of the combined influence of rarified air, and an absorbing 
surface of sulphuric acid, in evaporating water at low temperatures. It has been sup- 
posed that the virtues of narcotic plants in particular might be better obtained and 
preserved, by evaporation in vacuo than otherwise, as the decomposing agency of heat 
and atmospheric oxygen would be thereby excluded. Th^re is no doubt that extracts 
thus made from the expressed juices of fresh vegetables, possess, for some time at least, 
the green aspect and odor of the plants in far greater perfection than those usually 
made in the air, with the aid of artificial heat. Dr. Meurer, in the Jirchiv. der Phar* 
made for April, 1843, has endeavored to show that the color and odor are of no value 
in determining the value of extracts of narcotics, that the albumen left unchanged in 
the extracts made in vacuo, tends to cause their spontaneous decomposition, and that 
the extracts made with the aid of alcohol, as is the practice in Germany, are more 
efficacious at first, and much less apt to be injured by keeping. M. Baldenius has,4n 
the same number of the Jirchiv,, detailed experiments to prove that the juices of recent 
plants mixed with alcohol, in the homceopathic fashion, are very liable to spontaneous 
decomposition. To the above expressed juice, the Germans add the alcoholic tincture 
of the residuary vegetable matter, and evaporating both together, with filtration, pre- 
pare very powerful extracts. 



FATS. The following statement is given on the authority of Braconnot : — 



Fresh butter in summer 

in winter 

Hog's Lard - - 

Ox Marrow 

Goose Fat 

Duck Fat - - 

Ox Tallow - - 

Mutton Suet 



Oleine. 



60 
37 
62 
24 
68 
72 
25 



40 
63 
38 
76 
32 
28 
75 
74 



M. Dumas says that butter contains no stearine. The purification and decoloration 
of fats has been the object of many patents. Under Candle, Hempel's process for 
refining palm-oil and extracting its margarine is described. 

About 30 years ago, palm-oil was deprived of color to a certain degree by mixing 
with the melted oil, previously freed from its impurities by filtration, some dilute nitric 
acid, wooden vessels being used, and the' oil being in a melted state. This process was 
both expensive and imperfect. More lately whitening has been prescribed by means 
c^ chromic acid, which, in the act of decomposition into chromic oxide, gives out 
oxygen, and thereby destroys vegetable colors. One pound of bichromate of potash 
in solution is to be mixed with two pounds of strong sulphuric acid, diluted before- 
hand with about two gallons of water ; and this mixture is to be incorporated by 
diligent stirring with 2 cwt. of the filtered palm-oil, at a temperature of about 
100° F., contained in a wooden vessel. The palm-oil is afterward to be washed in 
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wann lime-water, td which some solution of chloride of lime may he a^tantageensly 
added. By this process, well managed, a fat may he obtained from palm-oil fit for 
making white soap. Tallow may he also hlanched to a considerahle degree by a like 
Operation. 

Instead of sulphuric acid, the muriatic may he used to convert the chromic acid into 
chromic oxide in the ahove process, and thereby to liberate the blanching^ oxygen. 
The resulting solution of green muriate of chrome being freed from some adh*ering oil, 
is to be mixed with so much milk of lime as just to neutralize the excess of acjd that 
may be present. The clear green muriate is then to be decomposed 'in a separate 
vessel, by the addition of well-slaked and sifled lime, in some excess. The green mix- 
ttire of lime and chrome-oxide is now to be dried, and gently ignited, whereby it ia 
converted into yellow chromate of lime, with some unsaturated lime. This compound 
being. decomposed by dilute sulphuric acid, affords chromic acid, to be applied again in 
the decoloring of palm-oil, on the principles above explained. 

Mr. Prynne obtained a patent in March, 1840, for purifying tallow for the candle- 
maker, by heating it along with a solution of carbonate of potash or soda^for 8 hoors^ 
letting the whole cool, removing the tallow to another vessel, heating it oy means of 
steam up to 206** F., along with dry carbonate of potash (pearlash) : letting this mix- 
ture cool very slowly ; and finally removing the tallow to a vessel enclosed in steam, so 
as to expel any subsidiary moisture. — Newton's Journal, xxi. 258. 

A patent for a like purpose was obtained in June, 1842, by Mr. H. H. Watson. He 
avails himself of the blanchi^^g power of oxygen, as evolved from manganate of potash 
(chameleon mineral), in the act of its decomposition by acids, while in contact with 
the melted fat. He prescribes a leaden vessel (a well-joined wooden tub will also 
serve) for operating upon the melted tallow, with one twentieth of its weight of the 
manganate, dissolved in water, and acidulated to the taste. The whole are to be well 
mLted, and gradually heated from 150^ up to 212^ F., and maintained at that tem- 
perature for an hour. On account of the tendency of the dissolved manganate to 
spontaneous decomposition, it should be added to the dilute acid, mixed with the fat 
previously melted at the lowest temperature consistent with its fluidity. 

Palm-oil may be well blanched in the course of 12 hours by heat alone ; if it be 
exposed in a layer of one or two inches to the air and sunshine, upon the surface c^ 
water kept up at nearly the boiling point by a coil of steam-pipes laid in the bottom of 
a square cistern of lead or wood, well jointed. 

Tallow imported for home consumption in 1839, 1,148,192 cwt.; in 1840, 1,131,613. 
Duty, 3a, 2d, per cwt. 

FELTED CLOTH. This woollen fabric, made without spinning and weaving^ 
was made the subject of a patent by Mr. T. R. Williams in February, 1840. A copious 
description of the process is given in Newton's Journal, xxii. 1 . 

Varnished or Japanned Felt is made by imbuing the stuff of coarse hat-bodies with 
drying oil, prepared by boiling 50 lbs. of linseed oil with white lead, litharge, and 
umber, of each one pound. The felt is to be dried in a stove, and then polished by 
pumice-stone. Five or six coats of oil are required. The surface is at last varnished. 
When the object is intended to be stiff, like visors, the fabric is to be impregnated first 
of all with flour-paste, then stove-dried, cut into the desired shape, next imbued with 
the drying-oil, and pumiced repeatedly ; lastly placed, to the number of 20, in a hot 
iron mould, and exposed to strong pressure. Japanned hats, made in this way, are sold 
in France at Is, 3d. a piece ; and they will stand several years' wear. 

FERMENTATION. This term has been of late extended to several chemical 
operations, besides those formerly included under it. The phenomena which it exhibits 
under these different phases, and the changes which it effects among the various 
subjects of its operation, are no less striking and mysterious in their principle than 
important in their applications to the arts of life. Fermentations are now arranged 
into twelve classes — 1, the alcoholic ; 2, the glucosic or saccharine j 3, the viscous or 
mucous ; 4, the lactic ; 5, the acetic ; 6, the gallic ; 7, the pectic ; 8, the benzoilic ; 
9, the sinapic; 10, the ammoniacal; 11, the putrid; and 12, the fatty. 

Fermentation, in the most general sense, may be defined to be a spontaneous r^ 
action, a chemical metamorphosis, excited in a mass of organic matter, by the mere 
presence of another substance, which neither abstracts from nor gives to the matter 
which it decomposes anything whatever. This process requires the following con- 
ditions: 1, A temperature from 45° to 90° F.; 2, Water; 3, The contact of airj 
4, The presence of a neutral organic azotised matter, in very small quantity, and of a 
erystallizable non-azotised substance in considerable quantity. The former is the 
ferment, the latter undergoes fermentation. In ordinary chemical actions we perceive 
one body unite to another to form a new compound ; or one body turn another out of 
a combination, and take its place, in virtue of a superior affinity. The effects are 
foeseen and explained by the intervention of that molecular force which governs aU 
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dMttieal operationa, that attractiye power vhich unites the partieles of dis»hpi1>r 
bodies. Thas, also,, in the ordinary phenomena of decomposition, we perceive the' 
agency of heat at one time, at another of light, or of electricity ; forces of which, though 
we are not acquainted with the essence, yet we know the exact effect under detent - 
nate circumstances. But fermentation, on the contrary, can be explained neither by 
the known laws of chemical affinity nor by the intervention of the powers of light, elec- 
tricity, or heat. Fermentation reduoes complex organic substances to simpler com- 
pounds, thereby reducing them nearer to the constitution of mineral nature. It is an 
operation analogous, in some respects, to that effected by animals upon their vegetable 
food. 

With a good microscope, any person may convince himself that ferment or yeast it 
an organized matter, formed entirely of globules, or of corpuscles slightly ovoid, from 
- the three to the four thousandth part of an inch in diameter. Sometimes their surface 
seems to have a little tail, which has been regarded as a bud or germ attached to the 
mother cell. Whenever the fermentation begins, the yeast does not remain an instant 
idle. These small round bodies become agitated in all directions, and if the substance 
undergoing fermentation is mixed with an azotized matter, as in beer-worts, the cor- 
puscles become larger, the small tails get developed, and oo acquiring a certain size 
they separate from the parent globule, to live by themselves and give birth to new cor- 
puscles.* In the fermentation of beer from malt, this series of multiplications produces 
a quantity of yeast seven times greater than what was added at the commencement. 
Were the above ingenious speculations demonstrated with certainty, we should be led 
to admit, in all these phenomena, actions truly vital, and a reproduction like that of 
buds in the vegetable kingdom. The existence of a vital force seems to be rendered ' 
probable by the fact that in incomplete fermentation, such as that of fine syrup with too 
little yeast, the ferment loses its properties and powers. If, however, we add to the so- 
lution of pure sugar an albuminous substance, a caseous or fleshy matter, the devel- 
opment of yeast becomes manifest, and an additional quantity of it is found at the end 
of the operation. Thus with nourishment, ferment engenders ferment. It is for this 
reason that a little fermenting must, added to a body of fresh grape-juice, excites ^r- 
mentation in the whole mass. These effects are not confined to alcoholic fermentation. 
The smallest portions of sour milk, of sour #ough, or sour juice of beet-root, of putrefied 
flesh or blood, occasion like alterations in fresh milk, dough, juice of beet-roots, flesh, 
and blood. But further, and which is a very curious circumstance, if we put into a li- 
quid containing any fermenting substance, another in a sound state, the latter would 
suffer decomposition under the influence of the former. If we place urea in presence 
of beer-yeast, it experiences no change ; while if we add to it sugar-water in a ferment- 
ing state, the urea is converted into carbonate of ammonia. We thus possess two modes 
of decomposition, the one direct, the other indirect. 

Although yeast has all the appearances of an organized substance, it is merely by anal- 
ogy that its multiplication by growth is assumed, for this is a phenomenon very difficult 
of experimental demonstration. When blood, cerebral substance, gall, pus, and sudli 
like substances, in a putrid state, are laid upon fresh wounds in animals, vomiting, de- 
bility, and death, soon supervene. The scratches from bones in putrid bodies have been 
oAen the causes of disease and death to anatomists. The poison in bad sausages is of 
the same class of ferments. In Wurtemberg, where sausages are prepared from very 
miscellaneous matters, as blood, livers, brains, and offal of many other kinds, with 
bread, meal, salt, and spices, fatal results from eating them are not uncommon. Death 
In these cases is preceded by the gradual wasting of the muscular fibre, and of all the 
like constituents of the human body ; so that the pAient becomes emaciated, dries into 
a complete mummy, and soon expires. The cadaver is stiff as if frozen, and is not 
subject to putrefaction. During the progress of the sausage disease,' the saliva becomes 
viscid, and emits an offensive smell. No peculiar poison can be detected by analysis 
in the sausages ; but they are rendered wholesome food for animals by the action of 
alcohol, or by that of boiUng water, which destroy the noxious /oTnes without acquiring 
it themselves ; and thus decompose the putrefactive ferment of the sausages. When 
this, however, passes upchanged through the stomach into the circulating system, it 
imparts its peculiar action to the constituents of the blood, operating upon it as yeast 
does upon wort. Poisons of a like kind are produced by the body itself in ^ some 
diseases. In plague, small-pox, measles, &c., substances of a peculiar fermentative 
nature are generated from the blood, which are capable of inducing in the blood of a 
healthy person a decomposition like that of which themselves are the subjects. The 
morbid virus reproduces itself, and multiplies indefinitely, just as the particles of yeast, 
do in the fermentation of beer. The temperature of boiling water, and alcohol applied' 
to matters imbued with such poisonous secretions, render their poison inert. Manyi 

* M. Turpin, M. Cagniard Latour, M. Qa6veiuie, and Profesaor IQtichMlioh. 
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acids, chlorine, iodine, bromine, empyreumotic oils, smoke, creosote, strong decoction 
of coffee, have the same salutary effect. All these agents are known to counteract fer- 
mentation, putrefaction, and that dry wasting of organic matter called eremacausis, or slow 
combustion. It is most deserving of remark that the poisons chemically neutral or alkaline, 
such as those of small-pox in man, and of typhus ruminantium in cows, lose their bane- 
ful power when subjected to the action of the stomach ; whereas that of bad sausages, 
which is acid, resists the modifying power of the digestive organs. 

Alcoholic fermentation has been copiously discussed in the Dictionary, I may here 
add that anmionia, being a product of that change in solution of pure sugar, proves the 
presence of azote in the yeast ; and that sulphuretted hydrogen, being made manifest in 
the disengaged gaseous products, by their blackening paper imbued with acetate of lead, 
proves the presence of sulphur. The acid liquor accompanying yeast may be washed 
away, without impairing materially its fermenting power, while the acid so removed has 
of itself no such virtue. 

Yeast, freed from all soluble matters by water, alcohol, and ether, contains, indepen- 
dently of ashes — carbon, 50*6 ; hydrogen, 7*3 ; azote, 15 ; oxygen, sulphur, and phospho- 
rous, 27*1, in 100 parts. Viewed atomically, yeast bears a close analogy to albumen. 
Like albuminous matter, yeast takes a violet tint with muriatic acid, and it may be re- 
placed as ferment by gluten. Caseum (the curd of milk) and flesh operate the same 
effect. All Jhese fermentative powers have the same globular appearance in the mi- 
croscope with yeast. When the activity of yeast has been destroyed by heat, &c., it 
can be restored by the positive energy of the voltaic battery, which causes its combina- 
tion with oxygen. The best proportion of sugar and water, for exhibiting the phenom- 
ena of fermentation, is 1 of the former to 3 or 4 of the latter, and 5 parts of sugar to 1 
of fresh yeast may be added ; though in the course of fermentation, 100 parts of sugar 
do not consume 2 parts of yeast, estimated in the dry state. The quickest fermenting 
temperature is from 68° to 86°. A very little oil of turpentine or creosote, or of the 
mineral acids, prevents or stops fermentation completely ; oxalic and prussic acids have 
the same effect, as also corrosive sublimate and verdigris. It has been known from 
time immemorial in Burgundy, that a little red precipitate of mercury, when added to 
the must-tun, stopped the fermentation. All alkalies counteract fermentation, but when 
they are saturated it recommences. The first person who described the microscopic 
globules of yeast with precision was Desmazieres, who arranged them among the my- 
codermes (fungus-skinned), under the name of mycoderma cerevisice. They have not 
the flattened form of the globules of blood, but are rather egg-shaped. One small black 
point may be seen on their surface, which, after some days^ is associated with 3, 4, or 5 
others. Their average diameter is from WW^ to ■ i . of an inch. Sometimes more 
minute globules cluster round one of ordinary size, and whirl about with it, when the 
liquor in which the globules float is agitated. 

Fresh yeast loses, by drying, 68 parts in the 100, and becomes solid, homy-looking, 
and semitransparent, breaking readily into gray or reddish fragments. With water, it 
resumes imm^iately its pristine appearance. When fresh yeast is triturated with its 
own weight of white sugar, it forms a liquid possessing the fluidity of oil of almonds, 
and a yellow color. The globules continue unchanged, except perhaps becoming some- 
what smaller. Yeast in the dry state retains its fermentative virtue for a long time. 

Saccharine Fermentation is that by which starch and dextrine are converted into 
■agar, as shown remarkably in the action of diastase upon these bodies. If we mix 2 
parts of starch paste with 1 part of dry gluten, and keep the mixture at a temperature 
of from 122° to 140° Fahr., we obtain a good deal of sugar and dextrine. Some lactic 
add is also formed. Flour paste, long kept, spontaneously produces isugar by a like 
reaction. See Fermentation in the Dictionary. 

Lactic Fermentation, — ^Almost all azotized organic matters, after being modified by 
fhe contact of air, become capable of giving rise to this fermentation. Oxygen does 
not. come into play, except as the means of transforming the animal substances into a 
ferment. Diastase and caseum are well adapted to exhibit this change. The body 
that is to furnish the lactic acid may be any one of the neutral vegetable matters, pos- 
sessing a like composition with lactic apid, such as cane-sugar, grape or potato sugar, 
dextrine, and sugar of milk. All the agents which stop the alcoholic, stop also the 
lactic fermentation ; while diastase and caseum are its two best exciters. For produ- 
cing abundance of lactic acid, we have merely to moisten malt, to expose it to the air 
for a few days, then to triturate it with a quantity of water, and leave the emulsion for 
some days more in the air, at a temperature between 67° and 86° F. We then saturate 
the liquor with chalk, after having filtered it, and thereby obtain the lactate of lime, 
which may be crystallized in alcohol, to deprive it of the dextrine and earthy phosphates ; 
aad then decomposed by sulphuric acid. 

Lactic Jtcid, formed from curd (caseum), exhibits more remarkable phenomena. Thus 
when mUk is left alone for some time it becomes sour, and coagulates. The coagulom 
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18 formed of casenm and butter ; while the whey of it contains ragar of milk and some 
salts. The coagulation of the caseum has been occasioned by the lactic acid, which 
was generated in consequence of an action which the caseum itself eiercised upon the 
sugar of milk. Thus with the concourse of air, the caseum becomes a ferment, and 
excites the conversion of the sugar of milk into lactic acid. The lactic acid in its turn 
coagulates the caseum, which in the consolidation of its particles attracts the butter. 
The caseum then ceases to act upon the sugar of milk, and coi^sequently'produces no 
more lactic acid. 

But now, if the lactic acid already formed be saturated, the caseum will redissolye, 
and the phenomena will recommence in the same order. This is easily done by adding 
a due dose of bicarbonate of soda to the soured milk. In the course of 30 hours a 
fresh portion of lactic acid will be generated, and will have coagulated the milk again. 
We may also add some sugar of milk to the liquid, and to a certain extent convert it 
into lactic acid. Milk boiled, and kept from contact of air, will not coagulate, and 
remains fresh for many months. Animal membranes, modified by exposure to moist air 
for some time, form a true ferment for the lactic fermentation, and acidify solutions of 
sugar, dextrine, and gum, but the membranes must not be putrescent. Cane-sugar, 
starch-sugar, and sugar of milk, by assuming or losing a little water, acquire the con- 
stitution of lactic acid. 

Viscous or Mucous Fermentation, — Every one is acquainted with this spontaneous 
modification of white wine and ale, which gives them a stringy or oily aspect, and ia 
called in French graisse, or fat of wines, and in English the ropiness of beer. The 
viscous fermentation may be excited by boiling yeast with water, and dissolving sugar 
in the decoction, after it has been filtered. The syrup should have a specific gravity 
from 1-040 to 1*055, and be kept in a warm place. It soon assumes the consistence 
and aspect of a thick mucilage, like linseed tea, with the disengagement of a little car- 
bonic acid and hydrogen, in the proportion of 2 or 3 of the former gas to 1 of the 
latter. A ferment of globular texture like that of yeast is formed, which is capable 
of producing viscous fermentation in any saccharine solution to which it is added, pro- 
vided the temperature be suitable. The viscid matter being evaporated to dryness 
forms transparent plates, of a sub-nauseous taste, and soluble in water, but less easily 
than gum arabic. Its mucilage is, however, thicker than that of gum, and yjelds with 
nitric acid, oxalic acid, but no mucic acid. Four parts of sugar, treated as above 
described, furnish 2*84 of unchanged sugar, and 1*27 of the mucilage; from which it 
appears that water becomes fixed in the transformation. Muriatic, sulphuric, sulphur- 
ous acids, and alum, prevent the production of the viscous fermentation, by precipitating 
its ferment. It is probably the soluble portion of gluten which is the cause of this spe- 
cies of fermentation. It has been found, accordingly, that tannin, which precipitates the 
said glutinous ferment, completely stops the viscous fermentation, or graisse, of wines. 
It is owing to the tannin which the red wines derive from the grape-stalks, with which 
they are long in contact during fermentation, that they are preserved fVom this malady 
of the white wines. The gluten of must is of two kinds, the one soluble in virtue of 
the alcohol and tartaric acid, and producing the viscous, the other insoluble, and pro- 
ducing the alcoholic fermentation. The aij of the wine-maker consists in precipitating 
the injurious ferment, without impeding the action of the beneficial one ; an art of 
considerable delicacy with regard to sparkling wines. 

Jicid Fermentation has been fully discussed under acetic acid. It requires the pres- 
ence of ready formed alcohol and air. The lactic Ibrmentation, on the contrary, may 
take place with starchy or saccharine substances, without the intervention of alcohol or 
constant exposure to the atmosphere ; and when once begun, it can go on without air. • 
Acetification has a striking analogy with nitrification, as is shown by the necessity of a 
high temperature, and the utility of porous bodies for exposing the liquid on a great 
surface to the air. 

Benzoic Fermentation is that which transforms the azotised neutral crystalline matter, 
existing in bitter almonds, which has no action upon the animal economy, into new and 
remarkable products, among others the hydrure of benzoile and hydrocyanic (prussic) 
acid, which together constitute the liquid, called oil, or essence, of bitter almonds, a 
compound possessed of ^volatility and poisonous qualities. The attentive study of this 
fermentation has revealed a great fact in vegetable physiology, the spontaneous pro- 
duction, by means of certain artifices, of certain volatile oils, not pre-existing in the 
plants, yet capable of being generated in the products of their decomposition. The 
volatile oil of bitter almonds constitutes in this respect a starting point, from which 
have proceeded the oil of mustard, the oil of spirsea, and which will likely lead to other 
discoveries of the same kind. See Almond and Amtgdaline. 

Sinapic Fermentation is that by which the oil of mustard is formed, and which takes 
place by the contact of water, under certain conditions, of too refined and scientific a 
nature for this practical work. 
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Pictie FermetUation, — ^Pectic add xnay be obtained from the expressed jtiice of car- 
rots, and it seems to be formed in the process of extf action by the reaction of albumine 
in the carrots upon a substance called pectine ; a transformation analogous therefore 
with that which takes place in the formation of the essence of bitter almonds. 

GaUic Fermentation, — Gallic acid does not exist ready formed in nut-galls, but is 
generated from their tannin when they are ground, made pasty with water, and exposed 
to the air. This conversion may be counteracted by the red oxide of mercury, alcohol, 
sulphuric, muriatic, and nitric acids, bromine, essence of turpentine, creosote, oxalic, 
acetic, and prussic acids. The tannin disappears in the sequel of the above metamor- 



Fatty Fermentation, — All fats are transformed by the action of an alkalide or other 
base into certain acids, the stearic, margaric, the oleic, ethalic, &c. When these acids 
are once formed, they can not by any means, hitherto known, be reconverted into the prim- 
itive fat. By the fixation of water in the acid and the base (called glycerine), a change 
is effected which can not be undone, because the glyceric base is incapable by itself to 
displace the water, once combined in the hydrated fat acid. The circumstances neces- 
sary to the fatty fermentation, are like those of other fermentations ; namely, the co- 
operation of an albuminoid matter, along with water, and a temperature of from 60° to 86° 
F. ; under these conditions, the matter becomes warm, and assumes speedily the charac- 
ter of rancidity ; acid is generated, and the carbonate of soda can then form salts, while 
the fatty acid is liberated ; a circumstance impossible when the fat was acted upon in ' 
the neutral state. This altered fat, treated with water, gives up to it glyceric alcohol, 
. Digestive Fermentation. — Digestion of food may be considered in its essential features 
as a peculiar fermentative process. The gastric juice is a genuine ferment. Tiedmann, 
GmeUn, and Front, have shown that the gastric juice contains muriatic acid ; and 
Eberli has made interesting c;xperiments on the digestion of food out of the body, with 
water containing a few drops of the same acid. He observed that when this liquid con- 
tained none of the mucous secretion of the stomach, it did not dissolve the aliments put 
into it; but with a little of that mucus it acquired that property in an eminent degree. 
Even the mucus of the bladder had a like effect. Schwann and Vogel have produced 
this digestive principle in a pure state, called by them pepsine, as obtained most abun- 
dantly from the stomachs of swine. The glandular part of that viscus being separated 
from the serous, is cut into small pieces, and washed with cold distilled woXex^ After 
digestion for 24 hours, that water is poured off, and fresh water is poured on. This 
operation is repeated for several days, till a putrid odor begins to be felt. The watery 
infusion thus obtained is precipitated by acetate of lead. This white flaky precipitate 
contains the pepsine, accompanied with much albumen. It is then washed, mixed with 
water, and subjecteii to a stream of sulphuretted hydrogen. The whole being now 
thrown on a filter, the coagulated albumen remains on the paper, along with the sul- 
phuret of lead, while the pepsine liquor passes, associated with some acetic acid. If to 
this liquor a very small quantity of muriatic acid be added, it becomes capable of carry- 
ing on artificial digestion. Dry pepsine may be obtained by evaporating the above 
filtered liquor on a water bath, to a syrupy consistence, then adding to it absolute 
alcohol, which causes a bulky whitish precipitate. This dried in the air constitutes 
pepsine. It contains a minute quantity of acetic acid, which may be removed com- 
pletely, by heating it some hours on the water bath. The white powder then obtained 
is soluble in water, and betrays the presence of no acid whatever. According to Vogel, 
this substance is composed of, carbon, 57' 72; hydrogen, 5*67; azote, 21*09; oxygei:^ 
&c., 15.52 = 100. Vogel has proved the analogy between the action of pepsine and 
diastase by the following experiment : — 

He dissolved two grains of pepsine in very weak muriatic acid, and put into this 
liquor heated to 81° F., small bits of boiled beef. In the course of a few hours the 
pieces became transparent on their edges, and not long af\er they were completely dis- 
solved. He now added fresh morsels in succession, till those last put in remained un- 
changed. He found by analysis, that 1*98 grains of the pepsine were lefl, showing how 
minute a portion of this ferment was necessary to establish and effect digestion. In 
fact, we may infer that pepsine, like yeast, serves to accomplish digestion without any 
waste of its own substance whatever, or probably with its multiplication. 

Rennet, with which milk is coagulated in making cheese, is somewhat of the same 
nature as pepsine. It has been called chymosine. But the simplest digesting liquor is 
the following : — 

If 10,000 parts of water by weight be mixed with 6 parts of ordinary muriatic acid 
and a little rennet, a liquor is obtained capable of dissolving hard boiled white of egg, 
beef, gluten, &c., into a transparent jelly in a few hours. 

Jlmmoniacal Fermentation. — Under this title may be described the conversion of urea 
into carbonate of ammonia under the influence of water, a ferment, and a favorable 
temperature. Urea is composed in atoms; reckoned 
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In Toltimes, ' Carbon 4; hydrogen 8; azote 4; oxygen 2; 

which by fixing — 4; — 2; 

give 4; 12$ 4; 4: 

which is 4 toI. of carbonic add, and 8 of ammonia ; equivalent to ordinary carbonate 
of ammonia. The fermentation of nrea plays an important part in the reciprocal offices 
of vegetable and animal existence. By its conversion into carbonate of ammonia, urea 
becomes a fpod fit for plants ; and by the intervention of the mucous ferment which urine 
contains, that conversion is effected. Thus the urea constitutes a neutral and innocu- 
ous substance while it remains in the bladder, but is changed into a volatile, alkaline, 
and acrid substance, when it is acted upon by the air. Yeast added to pure urea mixed 
with water, exercises no action on it in the course of several days ; but when added to 
urine, it soon causes decomposition, with the formation of carbonate of anunonia, and 
disengagement of carbonic acid. The deposite on chamberpots ill-cleaned acts as a very 
powerful ferment on urine, causing the complete decomposition of fresh urine in one 
fifth of the time that would otherwise be requisite. 

NUrons FtrmeiUatixm, as exhibited in the formation of nitric acid from the atmosphere, 
and consequent production of nitrates in certain soils, has been with much probability 
traced to the action of ammonia on oxygen, as the intermedium or ferment. 

Caseous and putrid Fermentmtions. — Curd is converted into cheesey when after being 
coagulated by rennet, it is left to itself under certain conditions ; and this constitutes the 
true distinctive character of caseum. In the production of cheese there is evidently the 
intervention of a peculiar ferment which is gradually formed, and the decomposition of 
the curd into new products. 

For animal and vegetable matters to run into putrefaction, they must be in contact 
with air and water, at a certain temperature ; viz., between the freezing and boDing 
points of water. The contact of a putrid substance acts as a ferment to fresh animal 
and vegetable matters. The reagents which counteract fermentation in general stop 
also putrefaction. In this process, myriads of microscopic animalcules make their ap- 
pearance, and contribute to the destruction of the substances. 

A dispute having taken place between some distillers in Ireland and officers of 
Excise, concerning the formation of alcohol in the vats or tuns by spontaneous fermen- 
tation, without the presence of yeast, the Commissioners of Excise thought fit to cause 
a series of experiments to be made upon the subject, and they were placed under my 
general superintendence. An experiment was made on the 6th of October, with the 
following mixture of com : — 

2 Bushels of Barley, weighing - - - - lOOlbs. 5 oz. 

i Bushel of Malt, 21 7 

i Bushel of Oats - - - - - 20 12 

Total, 3 Bushels, weighing - - - 142 8 

The bruised com was wetted with 26 gallons of water at the temperature of 160^ F., 
and, after proper stirring, had 8 gallons more of water added to it at the average tem- 
perature of 194^. The mash was again well stirred, and at the end of 45 minutes 
the whole was covered up, having at that time a temperature of 138° F. Three hours 
afterward, 16 gallons of wash only were drawn off; being considerably less than 
should have been obtained, had the apparatus been constructed somewhat differently, 
as shall be presently pointed out. The gravity of that wash was 1*060, or, in the lan- 
guage of the distiller, 60^. After a delay of two hours more, twenty additional 
gallons of water at the temperature of 200^ were introduced, when the mash was well 
stirred, and then covered up for two hours, at which period 23 gallons of fine worts 
of specific gravity 1*042 were drawn off. An hour afterward 12 gallons of water at 
200^ were added to the residual grains, and in an hour and a half 11 gallons of wort 
of the density 1*033 were obtained. Next moming the several worts were collected 
in a new mash tun. They consisted of 48 gallons at the temperature 80°, and of a 
specific gravity 2*0465 when reduced to 60°. Being set at 80°, fermentation soon 
commenced; in two days the specific gravity had fallen to 1*0317, in three days to 
1*018, in four days to 1*013, and in five days to 1.012, the temperature having at last 
fallen to 78" F. The total attenuation was therefore 34}°, indicating the producticm 
of 3*31 gallons of proof spirit, whUe the produce by distillation in low wines was 3*22; 
and by rectification in spirits and feints it was 3*05. The next experiment was com- 
menced on the 12th of October, upon a similar mixture of corn to the preceding. 
48 gallons of worts of 1-043 specific gravity were set at 82° in the tun, which next 
day was attenuated to 1*0418, in two days to 1*0202, in three days to 1*0125, and in 
&re days to 1'010&, constituting in the whole an attenoation of 321°, which indicatw 
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the production of 3*12 gallons of proof spirits ; while tiie produce of the first distilla- 
tion was 2*93 in low wines, and that of the second in feints and spirits was 2*66. In 
these experiments the wash^ when fermenting most actively, seemed to simmer and bofl 
on the surface, with the emission of a hissing noise, and the copious evolution of car- 
bonic acid gas. They prove beyond all doubt that much alcohol may be generated in 
grain worts without the addition of yeast, and that, also, at an early period ; but the 
fermentation is never so active as with yeast, nor does it continue so long, or proceed 
to nearly the same degree of attenuation. I was never satisfied with the construction 
of the mash tun used in these experiments, and had accordingly suggested another 
form, by which the mash mixture could be maintained at the proper temperature 
during the mashing period. It is known to chemists that the diastase of malt is the 
true saccharifying ferment which converts the fecula, or starch of barley and other 
corn, into sugar ; but it acts beneficially only between the temperatures of 145° and 
168° F. When the temperature falls below the former number, saccharification lan- 
guishes ; and when it rises much above the latter, it is entirely checked. The new 
mash tun was made of sheet zinc, somewhat wider at bottom than top; it was 
placed in a wooden tun, so much larger as to leave an interstitial space between the 
two of a couple of inches at the sides and bottom. Through this space a current 
of water at 160° was made to circulate slowly during the mashing period. Three 
bushels of malt, weighing 125 lbs. 3 oz., were wetted with 30 gallons of water at 167°, 
and the mixture being well agitated, the mash was left covered up at a temperature 
of 140° during three hours, when 19 gallons of fine worts were drawn off at the spe- 
cific gravity of 1*0902 or 90*2°. Twenty gallons more water at 167° were then added 
to the residuum, which afforded after two hours 28 gallons of wort at the gravity 
1*036 ; 12 gallons of water at 167° were now poured on, which yielded after other 
two hours 15 gallons at the gravity 1*0185. Forty gallons of fine worts at 1*0.58 
gravity and 68° temperature were collected in the evening of the same day, and let 
"into the tun with 5 per cent, of yeast. The attenuation amounted in six days to 54°. 
The third wort of this brewing, amounting to 15 gallons, being very feeble, was mixed 
with 7 gallons of the first and second worts, put into a copper, and concentrated by 
boiling to 11 gallons, which had a gravity 1*058 at 60° F. * They were separately 
fermented with 5 per cent, of yeast, and suffered an attenuation of 48J°. The produce 
of spirit from both indicated by the attenuation was 5*36 gallons ; the produce in low 
wines was actually 5*52, and that in spirits and feints was 5*33, being a perfect accord- * 
ance with the Excise tables. 

The next experime.nts were made with a view of determining at what elevation of 
temperature the activity or efficiency of yeast would be paralysed, and how far the 
attenuation of worts could be pushed within six hours, which is the time limited by 
law for worts to be collected into the tun, from the time of beginning to run from the 
coolers. When worts of the gravity 1*0898 were set at 96° Fahr., with 5 per cent, of 
yeast, they attenuated 26*9° in 6 hours; worts of 1*0535 gravity set at 110° with 
6 per cent, of yeast, attenuated 16° in about 5 hours ; but when worts of 1 *0533 were 
set, as above, at 120°, they neither fermented then, nor when allowed to cool ; show- 
ing that the activity of the yeast was destroyed. When fresh yeast was now added to 
the last portion of worts, the attenuation became 5*8 in 2 hours, and 28*4° in 3 days; 
showing that the saccharine matter of the worts still retained its fermentative faculty. 
Malt worts, being brewed as above specified, were set in the tun, one portion at a tem- 
perature of 70°, with a gravity of 1*0939, and 5 per cent, of yeast, which attenuated 
66° in 3 days ; other two portions of the same gravity were set at 120° with about 10 
per cent, of yeast, which underwent no fermentative change or attenuation in 6 hours, 
all the yeast having fallen to the bottom of the tuns. When these two samples of 
worts were allowed, however, to cool to from 74° to 72°, fermentation commenced, 
and produced in two days an attenuation of about 79°. It would appear, from these 
last two experiments, that yeast to the amount of 5 per cent, is so powerfully affected 
by strong worts heated to 120° as to have its fermentative energy destroyed ; but that 
when yeast is added to the amount of 10 per cent., the 5 parts of excess are not per- 
manently decomposed, but have their activity merely suspended till the saccharine 
liquid falls to a temperature compatible with fermentation. Yeast, according to m^ 
observations, when viewed in a good acromatic microscope, consists altogether of trans- 
lucent spherical and spheroidal particles, each of about the 6000th part of an inch in 
diameter. When the beer in which they float is washed away with a little water, they 
are seen to be colorless ; their yellowish tint, when they are examined dir)?ctly from 
the fermenting square or round of a porter brewery, being due to the infusion of the 
brown malt. The yeast of a square newly set seems to consist of particles smaller 
than those of older yeast, but the difference of size is not considerable. The re- 
searches of Schulze, Cagniard de la Tour, and Schwann, appear to show, that the 
vinous fermentation, and the putrefaction of animal matters, processes which have been 
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bitherto coasidered as belonging entirely to the domain of chemical affinity — are 
esBentially the results of an organic development of living beings. This position 
seems to be established by the following experiments : 1. A matrass or flask con- 
taining a few bits of flesh, being filled up to one third of its capacity with water, was 
closed with a cork, into which two slender glass tnbes were cemented air-tight. Both 
of these tubes were passed externally through a metallic bath, kept constantly melted, 
at a temperature approaching to that of boiling mercury. The end of one of the 
tabes, on emerging from the bath, was placed in communication with a gasometer. 
Xhe contents of the matrass were now made to boil briskly, so that the air contained 
in it and the glass tubes was expelled. The matrass being then allowed to cool, a 
current of atmospherical air was made constantly to pass through it from the gasome- 
ter, while the metallic bath was kept constantly hot enough do decompose the living 
particles in the air. In these experiments, which were many times repeated, no infu- 
soria or fungi appeared, no putrefaction took place, the flesh underwent no change, 
wind the liquor remained as clear as it was immediately aAer being boiled. As it was 
Ibund very troublesome to maintain the metallic bath at the melting pitch, the follow- 
ing modification of the apparatus was adopted in the subsequent researches : A flask 
c»f three ounces capacity, being one fourth filled with water and flesh, was closed with 
a tight cork, secured in its place by wire. Two glass tubes were passed through the 
cork; the one of them was bent down, and dipped at its end into a small capsule con- 
taining quicksilver, covered with a layer of oil ; the other was bent on leaving the 
cork, first into a horizontal direction, and downward for an inch and a half, afterward 
into a pair of spiral turns, then upward, lastly horizontal, whence it was drawn out to a 
point. The pores of the cork having been filled with caoutchouc varnish, the contents 
of the flask were boiled till steam issued copiously through both of the glass tubes, and 
the quicksilver and oil became as hot as boiling water. In order that no living par- 
ticles could be generated in the water condensed beneath the oil, a few fragments of 
corrosive sublimate were laid upon the quicksilver. During the boiling, the flame of 
a spirit lamp was drawn up over the spiral part of the second glass tube, by means of 
a glass chimney placed over it, so as to soAen the glass, while the further part of the 
tube, was heated by another spirit lamp, to prevent its getting cracked by the condens- 
ation of the steam. After the ebullition had been kept up a quarter of an hour, the 
flask was allowed to cool, and get filled with air through the hot spiral of the second 
tube. When the contents were quite cold, the end of this tube was hermetically 
sealed, the part of it between the point and the spiral was heated strongly with the 
flames, and the lamps were then withdrawn. The matrass contained now nothing but 
boiled flesh and gently ignited air. The air was renewed occasionally through the 
second tube, its spiral part being first strongly heated, its point then broken ofi*, and 
connected with a gasometer, which caused the air to pass onward slowly, and escape 
at the end of the first tube immersed in the quicksilver. The end of the second tube 
was again hermetically closed, while the part interjacent between it and the spiral was 
exposed to the spirit flame. By means of these precautions, decoctions of flesh were 
preserved, during a period of six weeks, in a temperature of from 14^ to 20^ R. (63|^ 
to 77^ F.), without any appearance of putrefaction, infusoria, or mouldiness : on open- 
ing the vessel, however, the contents fermented in a few days, as if they had been 
boiled in the ordinary manner. In conducting such researches, the greatest pains 
must be taken to render the cork and junctions of the glass tubes perfectly air-tight. 
The following more convenient modification of the experiment, but one equally suc- 
cessful and demonstrative, was arranged by F. Schulze. The glass tubes connected 
with the flask were furnished each with a bulb at a little distance from the cork ; into 
one of which globes caustic alkaline ley being put, and into the other strong sul- 
phuric acid, air was slowly sucked through the extremity of the one tube, while it 
entered at the other, so as to renew the atmosphere over the decoction of flesh in the 
flask. In another set of experiments, four flasks being filled with a solution of cane- 
sugar containing some beer-yeast, were corked and plunged in boiling water till they 
acquired its temperature. 'They were then taken out, inverted in a mercurial bath, 
uncorked, and allowed to cool in that position. From one third to one fourth of their 
volume of atmospherical air was now introduced into. each of the flasks ; into two of 
them through slender glass tubes k^pt red hot at a certain point, into the other two 
through glass tubes not heated. By analysis.it was found that the air thus heated 
contained only 19*4 per cent, of oxygen, instead of 20*8; but, to compensate for this 
deficiency, a little more air was admitted into the two flasks connected with the heated 
tubes than into the two. others.. The flasks were now corked and placed in an in- 
rerted position, in a temperature of from 10^ to 14^ R. (54 j^^ to 63^ F.). After a 
period of from four to six weeks, it was found that fermentation had taken place in 
both of the flasks which oontained the non-ignited air — for, in loosening the corks, 
some of the contents were projected with force — biit> in the other two flasks, there 
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was no appearance of fermentation, either then, or in double the time. As the extract 
of nax vomica is known to be a poison to infuaoria (animalcules), but not to vegetating 
monld, while arsenic is a poison to both, by these tests it was proved that the living 
particles instrumental to fermentation belonged to the order of plants of the confer^ 
void family. Beer yeast, according to Schwann, consists entirely of microscopic fungi, 
in the shape of small oval grains of a yellowish white color, arranged in rows oblique 
to each other. Fresh grapes must contain none of them; but after being exposed to 
the air at 20° R., for 36 hours, similar grains become visible in the microscope, and 
may be observed to grow larger in the course of an hour, or even in half that time. 
A few hours after these plants are first perceived, gas begins to be disengaged. They 
multiply greatly in the course of fermentation, and at its conclusion subside to the bottom 
of the beer in the shape ef a yellow white powder. 

FERRIC ACID. This new compound having been prescribes as a source of sup- 
plying oxygen to persons confined in diving-bells and in mines, by M. Payeme, in a 
patent recently granted to him, merits notice in a practical work. M. Fremy is 
the discoverer of this new acid, which he obtains in the state of ferrate of pot- 
ash, by projecting 10 parts of dry nitre in powder upon 6 parts of iron filings, 
ignited in a crucible ; when a reddish mass, containing much ferrate of potash, is 
formed. The preparation succeeds best when a large crucible, capable of holding 
about a pint of water, is heated so strongly that the bottom and a couple of inches 
above it, appear faintly, but distinctly red, in which state the heat is. just adequate to 
efifect due deflagration without decomposition. An intimate mixture of about 200 gzains 
of dried nitre with about one half its weight of the finest iron filings, is to be thrown at 
once upon the side of the crucible. The mixture will soon swell and deflagrate. The 
crucible being taken from the fire, and the ignited mass being cooled, is to be taken 
out with an iron spoon, pounded, immediately put into a bottle, and secluded from the 
air, in which it would speedily attract moisture, and be decomposed. It is resolved 
by the action of water, especially with heat, into oxygen gas, peroxide, and nitrate 
of iron. 

Mr. J. D. Smith prepares the ferrate of potash by exposing to a full red heat a mix- 
ture of finely powdered peroxide of iron with four times its weight of dry nitre. It 
has an amethyst hue, but so deep as to appear black, except at the e^es. Oxygen is 
rapidly evolved by the action ef the sulphuric of nitric acid upon its solution. He conr 
siders the •atom of iron to exist in this compound, associated with 3 atoms of oxygen, or 
double the proportion of that in the red oxide. Hence 52 grains of pure ferric acid 
should give off 12 grains of oxygen, equal to about 35 cubic inches ; but how much of 
the ferrate of potash may be requisite to produce a like quantity of oxgyen, can not be 
stated, from the uncertainty of the operation by which it is produced. 

FERRIC-CYANIDE OF POTASSIUM, or Red PrustiaU of PataA. This 
beautiful and useful salt, discovered by L. Gmelin, is prepared by passing chlorine gm 
through a weak solution of the prussiate of potash (ferro-cyanide of potassium) till it 
ceases to afifect solution of red sulphate of iron, taking care to agitate the liquid all die 
while, and not to add an excess of chlorine. On looking through the weak solution to 
the flame of a candle, one may see the period of change from the greenish to the red 
hue, which indicates the completion of the process. The liquor being filtered and 
evaporated in a dish with upright sides, will eventually afford crystalline needles, pos- 
sessed of an almost metallic lustre, and a yellow color, inclining to red. These bong 
dissolved and recrystallized, will become extremely beautiful. This salt is composed 
of 33*68 parts of potassium, 16*48 of iron, and 47*84 of cyanogen. It is therefore a 
dry salt. It dissolves in 38 parts of cold water, and as it forms then the most delicate 
test of the protoxide of iron, is very useful in Clorometry. — See Appendix. 

The solution of this salt afifords the following colored precipitates with the solutiona 
of the respective metals :~ 

Titanium - - - . Brownish yellow. 

Uranium .... Reddish brown. 

Manganese - - - - Brownish ^ray. 

Cobalt .... Deep reddish brown. 

NickeK - . . - Yellowish brown. 

Copper .... Dirty yellowish bmws. 

Silver .... Orange yellow. 

Meretiry .... Yellow, with both the protoxide aid 

peroxide salts. 

Tin .... White. 

Zinc .... Orange Yellow. 

Bismuth ... - Yelbwish brown. 

Lead - - - - No predp. 

Iron protoxide- ... Blue. 

peroxide - - - - No preeip. 
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The ferric-cyanide of potaBsinm has been introdaeed into dyeing and calico-printing. 

In ease an excess of chlorine has been used in preparing the above salt, Posselt rec- 
ommends to add to its solution, when near tiie crystallizing point, a few drops of potash 
ley, in order to decompose a green substance that is present, which takes place with the 
precipitation of a litUe peroxide of iron. 

FIREARMS. Barrel-welding by Mcuhmtry, — The barrels of mnsqnets, birdlng- 
g^nns, &c., or what are called ptaiuy to distinguish them from those denominated $Uib or 
twisted barrels, have of late years been formed by means of rolls, a process in which 
the welding is first effected on a short slab of thidc iron, and then the barrel is brought 
down to its destined length, and form, by repeatedly passing it between a pair of rolls, 
that have been previously grooved to the exact shape of the barrel intended to be made. 

This method has entirely superseded the skelp-welding by hand described in the 
Die. of Man,, p. 471, and is conducted as follows : — 

The iron being thoroughly refined, and reduced into flat bars by the process d^ 
scribed at length at p. 705, is cut by the shears into slabs or lengths (^ 10 to 12 inches, 
and 10 to 10} lbs. weight, or less, according to the description of gun-barrel that it 
intended to be made. These slabs are then heated, and bent in their whole length, by 
means of conveniently grooved bending rolls, until they assume the form of rough tubes, 
49 of the kind of section shown by A,ySg. 49. They are then placed on the 

O hearth of the reverberatory furnace {Diet. p. 701), and brought to a full 
welding heat, and as soon as the edges of a tube come to a semi-flaid state, 
it is taken out and passed between rolls having grooves somewhat smaller 
in diameter than the exterior (^ the tube, by which means the tube 
is perfectly welded from end to end; and if care be taken in the 
management of the heat, and the juncture be kept clear of dirt and cinders, the iron 
will be found perfectly homogeneous in every part, and there will be no appearance 
whatever of the seam where the edges came together. These tubes are repeatedlv 
heated, and passed between the barrel rolls, which are of sufficient diameter to admit 
of gradually decreasing grooves, the whole length of the intended barrel being indented 
on their surfaces. 

To preserve the tubular form, and insure regularity in the size of the bore during 
the welding process, they are taken gut of the furnace, bv thrusting into them a tool 
called a mandril b, which consists of a long rod of iron, havmg a short steel treblett on 
its end, of the diameter that the bore of the barrel is meant to bore. This rod is so 
adjusted by means of a strong iron plate <!, iiear its handle, which is of wood, and long, 
that when passed with the heated tube on it between two tranverse holding bars, tlwe 
short steel treblett d, shall be found exactly between the point of impaet of the baml> 
rolls, E E. 
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The adhesion of the hot iron to the surface of the rolls is strong enough to dni;w the 
tube off the mandril, which thus keeps the bore open from end to end, and by repeating 
the process through the whole series of grooves in the rolls, the barrel is giaduaUj 
elongated, and brought down to the exact form required ; any superfluous length at the 
muzzle is then cut off. The breach end is then adjusted by the hammer-— a tripple-seit 
welded on by hand if it be intended for a percussion lock, and then the barrel is ready 
to go forwanl to the mfll to be bored, turned, and finished. 

Gun-barrels formed by this mechanical method are found to stand proof better than 
those worked by hand, because the heat is more equalized ; and any imperfections in 
the original mass of iron are more dispersed over the whole extent of the tube. 

Mr. Wells Ingram, of Bradford street, Birmingham, has lately perfected a very com* 
plete lathe for turning the exterior of gun-barrels of all descriptions, a process which is 
fast superseding the use of the grindstone, for equalizing the barrels of all kinds of fiie> 
anns. 

J am indebted/or thu article to Mr. LoveU, JHredor of the Royal Arms Maimfactory. 
See MusQUET. 

FLAX and TOW, or CodiOa qfljemp mid Flax, imported for home eonsmnptiOB » 
1839, l^Liefill cwt. ; in 1840, lfiS6fl»i 1'- P« e«t. 
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FLOOKAN. The name given by the Comiah miners to a vein of clay-stone, often 
nearly vertical. 

FLOOR-CLOTH MANUFACTURE has become of late years a very large 
branch of trade. The cloth is a strong somewhat open canvass, woven of flax with a 
little hemp, and from 6 to 8 yards wide, being manufactured in appropriate looms 
chiefly at Dundee. A piece of this canvass from 60 to 100 feet in length, is secured 
tight in an upright open frame of oaken bars, in which position it receives the founda- 
tion coats of paint, 2 or 3 in number, first on the black side, and then on the front; but 
it previously is brushed over with glue-size, and rubbed smooth with pumice-stones. 
The foundation paint made with linseed oil and ochre, or any cheap coloring matter, 
is too thick to be applied by the brush, and is therefore spread evenly by a long narrow 
trowel, held in the right hand, from a patch of it laid on just before with a brush in the 
left hand of the workman. Each foundation coat of the front surface is smoothed by 
pumice whenever it is hard enough to bear the operation. When both sides are dry, the 
painted cloth is detached from the frame, coiled round a roller, in this state transferred 
to the proper printing-room, where it is spread flat on a table, and variously figured 
and colored devices are given to it by wooden blocks, exactly as in the block-printing 
of calicoes, and in the wood-printing of books. The blocks of the floor-cloth manufac- 
ture are formed of two layers of white deal and one of pear-tree timber, placed with 
their grain crossing one another alternately. There is of course a block for each color 
in the pattern, and in each block those parts are cut away that correspond to the im- 
pressions given by the others ; a practice now well understood in the printing of two or 
more colors by the press. The faces of the blocks are so indented with fine lines, 
that they do not take up the paint in a heavy daub from the flat cushion on which it 
18 spread with a brush, but in minute dots, so as to lay on the paint (somewhat thicker 
than that of the house-painter) in a congeries of little dots or teeth, with minute inter- 
stices between. Applied in this way, the various pigments lie more evenly, are more 
tightly, and dry much sooner than if the prominent part of the block which takes up 
the color were a smooth surface. The best kinds of floor-cloth require from two to 
three months for their production. 

FODDER, a weight of 21 cwt., by which lead is sold in the north of England. 

FUEL. On the measurement of heat, and the qualities of different kinds of coal, 
I made an elaborate series of experiments, a few*years ago, of which the following is an 
outline : — 

The first and most celebrated, though probably not the most accurate apparatus for 
measuring the quantity of heat transferable from a hotter to a colder body, was the 
ddorimeter of Lavoisier and Laplace. It consisted of three concentric cylinders of tin 
plate, placed at certain distances asunder ; the two outer interstitial spaces being filled 
with ice, while the innermost' cylinder received the hot body, the subject of experiment. 
The quantity of water discharged from the middle space by the melting of the ice in it, 
aerved to measure the quantity of heat given out by the body in the centra] c^'linder. 
A simpler and better instrument on this principle would be a hollow cylindier of ice of 
proper thickness, into whose interior the hot body would be introduced, and which 
would indicate by the quantity of water found melted within it the quantity of heat 
absorbed by the ice. In this case, the errors occasioned by the retention of water among 
the fragments of ice packed into the cylindric cell of the tin calorimeter, would be 
avoided. One pound of water at 172** F., introduced into the hollow cylinder above 
described, will melt exactly one pound of ice ; and one pound of oil heated to 172° will 
melt half a pound. 

The method of refrigeration, contrived at first by Meyer, has been in modem times 
brought to c:reat perfection by Dulong and Petit. It rests on the principle, that two 
inrfaces of like size, and of equal radiating force, lose in like times the same quantity 
of heat when they are at the same temperature. Suppose for example, that a vessel of 
polished silver, of small size, and very thin in the metal, is successively filled with dif- 
ferent pulverized substances, and that it is allowed to cool from the same elevation of 
temperature ; the quantities of heat lost in the first instant of cooling will be always 
cqnal to each other; and if for one of the substances, the velocity of cooling is double 
of that for another, we may conclude that its capacity for heat is one half, when its 
weight is the same ; since by losing the same quantity of heat, it sinks In temperature 
double the number of degrees. 

The method of mixtures, — In this method, two bodies are always employed ; a hot 
body which becomes cool, and a cold body, which becomes hot, in such manner that all 
the caloric which goes out of the former is expended in heating the latter. Suppose 
for example, thaft we pour a pound of quicksilver at 21?* F., into a pound of water at 
12^ ; the quicksilver will cool and the water will heat, till the mixture by stirring ac- 
^res a common temperature. ^If this temperature was 122P, the water and mercury 
would have equal capacities, since the same quantity of heat would produce in an equid 
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mass of these two substances eqaal changes of temperature, viz., an elevation of 90^ in 
the water and a depression of 90® in the mercury. But in reality, the mixture is found 
to have a temperature of only 374®; showing that while the mercury loses 174J** the 
water gains only 5|** ; two numbers in the ratio of about 32 to 1 ; whence it is coneludedy 
that the capacity of mercury is JL of that of water. Corrections must be made for the 
influence of the vessel and for the heat dissipated during the time of the experiment. 

The following calorimeter, founded upon the same principle as that of Count Rum-, 
ford, but with certcdn improvements, may be considered as an equally correct instrument 
for measuring heat, with any of the preceding, but one of much more general applioe 
tion, since it can determine the quantity of l^eat disengaged in combustion, as well as 
the latent heat of steam and other vapors. 




(Scale about | inch to the foot.) 



It consists of a large copper bath, ^yfifig^^l), capable of holding 100 gallons of 
water. It is traversed four times, backward and forward, in four different levels, bj 
a zig-zag horizontal flue, or flat pipe d, c, nine inches broad and one deep, ending below 
in a round pipe at c, which passes through the bottom of the copper bath e, /, and 
receives there into it the top of a small black lead furnace 5. The innermost crucible 
contains the fuel. It is surrounded at the distance of one inch by a second crucible, 
which is enclosed at the same time by the sides of the outermost furnace ; the strata 
of stagnant air between the crucibles servin.i? to prevent the heat from being dissipated 
into the atmosphere round the body of the furnace. A pipe a, from a pair of cylinder 
double bellows, enters the ash-pit of the furnace at one side, and supplies a steady but 
gentle blast, to carry on the combustion, kindled at first by half an ounce of red-hot 
charcoal. So completely is the heat which is disengaged by the burning fuel absorbed 
by the water in the bath, that the air discharged at the top orifice g, has usually the 
same temperature as the atmosphere. 

The vessel is made of copper, weighing two pounds per square foot ; it is Sf feet lonjt, 
1| wide, 2 deep, with a bottom 5|^ feet long, and If broad, upon an average. Including 
the zig-zag tin plate flue, and a rim of. wrought iron, it weighs altogether 85 pounds. 
Since the specific heat of copper is to that of water as 94 to 1,000; the specific heat of 
the vessel is equal to that of 8 pounds of water, for which, therefore, the exact correc- 
tion is made by leaving 8 pounds of water out of the 600, or 1,000 pounch! used in each 
experiment. 

In the experiments made with former calorimeters of this kind, the combustion was 
maintained by the current or draft of a chimney, open at bottom, which carried ofif at 
the top orifice of the flue a variable quantity of heat, very difficult to estimate. 

When the object is to determine the latent heat of steam and other vapors, they may 
be introduced through a tube into the orifice g, the latent heat being deduced from the 
elevation of temperature in the water of the bath, and the volume of vapor expended 
from the quantity of liquid discharged into a measure glass from the bottom outlet c. 
In this case, the furnace is of course removed. 

The heating power of the fuel is measured by the number of degrees of temperature 
which the combustion of one pound of it, raises 600 or 1,000 pounds of water in the 
bath, the copper substance of the vessel being taken into account. One pound of dry 



wood cluaooftl by its eombiiBtiim eaxmes 6,000 ponads of water to becckne 20^ hotter* 
For the sake of brevity, we shall call this calonfic energy 12,000 unities. In like cir- 
camstances, one pound of Uangennoek coal will yield by combustion 11,500 unities of 
caloric. One pound of charcoal after exposure to the air gives out in burning only 
10,500 unities; but when previously deprived of the moisture which it so greedily imr 
bibes from the atmosphere, it affords the above^ quantity. One pound of Lambtou's 
Wall's-end coals, affords 8,500 unities ; and one of anthracite 11,000. 

It must be borne in mind that a coal which gives off much unbumt carburetted hy- 
drogen gas, does not afford so much heat, since in the production of the gas a great 
deal of heat is carried off in the latent state. I have no doubt, that by this distillatory 
process, from one third to one fourth of the total calorific effect of many coals is dissir 
pated in the air. But by means of such a furnace as the patent Argand invention of 
Mr. C. W. Williams, the whole hei|t produceable by the hydrogen as well as the carbon 
is obtained ; and it should be borne in mind that a pound of hydrogen in burning gener- 
ates as much beat as three pounds of carbon. 

Mr. Berthier proposes to determine the proportion of carbon in coals and other kinds 
of fuel, by igniting in a crucible a mixture of the carbonaceous matter with litharge, 
both finely comminuted, and observing the quantity of lead which is reduced. For 
every 34 parts of lead, he estimates 1 part of carbon, apparently on the principle, that 
when carbon is ignited in contact witl^ abundance of litharge, it is converted into car- 
bonic acid. Each atom of the carbon is therefore supposed to seize two atoms of 
oxygen, for which it must decompose two atoms of litharge, and revive two atoms of 
lead. Calling the atom of carbon 6, and that of lead 104, we shall have the following 
ratio : — 6 : 104X2 : : 1 : 34.66, being Berthier*s proportion, very nearly. 
^ On subjecting this theory to the touchstone of experiment, I have found it to be en- 
tirely fallacious. Having mixed very intimately 10 grains of recently calcined chai^ 
coal with 1,000 grains of litharge, both in fine powder, I placed the mixture in a crucible 
which was so carefully covered, as to be protected from all fuliginous fumes, and ex- 
posed it to distinct ignition. No less than 603 grains of lead were obtained ; whereas 
by Berthier's rule, only 340 or 346.6 were possible. On igniting a mixture of 10 grains 
of pulverized anthracite from Merthyr Tydfil, with 500 grains of pure lithaj^e (pre- 
viously fused and pulverized), I obtained 380 grains of metallic lead. In a second 
similar experiment with the same anthracite and litharge, I obtained 450 grains of lead } 
and in a third only 350 grains. It is therefore obvious that this method of Berthier is 
altogether nugatory for ascertaining the quantity of carbon in coals, and is worse than 
aseleps for judging of the calorific qualities of different kinds of fuel. 

In my researches upon coals, I have also made it one of my principal objects to de- 
termine the quantity of sulphur which they may contain ; a point which has been 
Idtherto vwy little investigated in this country at least, but which is of great conse- 
qaence, not only in reference to their domestic combustion, but to their employment 
by manufacturers of iron and gas. That good iron can not be produced with a sul- 
phureous coal, however well coked, has been proved in France by a very costly experi- 
ence. The presence of a notable proportion of sulphur in a gas coal is most injurions 
to the gaseous products, because so much sulphuretted hydrogen is generated as to re- 
quire an operose process of washing or purification, which improverishes the gas, and 
impairs its illuminating powers by the abstraction of its olefiant gas, or bicarburetted 
hydrogen. In proof of this proposition, I have only to state the fact, that I found in 
a specimen of coal gas as delivered from the retorts of one of the metropolitan compa- 
nies, no less than 18 per cent, of olefiant gas, while in the same gas, after being passed 
through the purifiers, there remained only 11 per cent, of that richly-illuminating gas. 
By using a gas-coal, nearly free from sulphur, such as No. 4, in the subjoined list, I 
think it probable that 10 per cent, of more light may be realized than with the conmoon 
more sulphureous coal. This is an important circumstance which the directors of gas- 
works have hitherto neglected to investigate with analytical precision, though it is one 
upon which their success and profits mainly depend. 

How little attention indeed has been bestowed upon the sulphureous impregnation 
of pit-coal may be inferred from the fact that one of our professional chemists of note, 
in a public report, upon a great commercial enterprise, stated that a certain coal analyzed 
by him was free from sulphur, which coal I found by infallible chemical evidence to 
contain no less than 7 per cent, of sulphur, being about the double of what is contained 
in English coals of average quality. The proportion of sulphur may in general be in- 
ferred from the appearance and quantity of the ashes. If these be of a red or ochrey 
eoknr, and amount to above 10 per cent., we may be sure that the coal is eminently 
sulphureous. The coal above referred to afforded from 15 to 16 per cent, of ferrugin- 
ous ashes. I believe that sulphur exists in coal generally, though not always in the state 
of pyrites, either in manifest particles, or inviaibly disseminated through their substance. 
The readiest method of determining rigidly the quantity of suli^ur in any eompoandi 



• 
Is. 

1 


Ariphurin 
lOOparU. 
- 300 


2 
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is to mix a giyen weight of it with a proper weight of carbonate of potassa, nitre, and 
common salt, each chemically pure, and to ignite the mixture in a platinum crucible. 
A whitish mass is obtained, in which aU the snlphmr has been converted into sulphate 
of potassa. By detcirmining with nitrate of baryta the amount of sulphuric acid pro- 
duced, that of the sulphur jieooiiies known. By means of this process applied to dif- 
ferent samples of eoals, I obtained the following results : — 

Qbs Striphurin 0«» Salphurtn 

Coals. 100 parts. Coals. 100 parts. 

No. 1 - . - - 300 No. 6 . - - - 2-60 

6 - - - . 6*20 

7 . ... 3-40 
a .... 3*50 

Coals for puddliof cast iron, Sulphur In 

to be converted Into steel, 100 parte. 

No. 1, hard foliated or splent coal, specific gravity 1*258 0-80 

2, ditto 1-290 0-96 

3, ditto 1-273 3-10 

4, cubical and rather soft - - - - 1-267 0*80 

The last coal being rich in bitumen, would prove an excellent one for the production 
of a pure coal gas.' See Pitcoal. 

FUEL, ECONOMY OF. In the report of the Transactions of the Institution of 
Civil Engineers for February, 1838, the results of exact comparisons between the per- 
formance of different steam-engines exhibit this economy in a remarkable manner. It 
is there shown that a condensing engine of the most perfect construction, and in perfect 
condition, of the common low pressure crank-kind, not working expansively, performs 
a duty of not more than 20 or 21 millions of lbs. raised one foot high, by 90 or 94 lbs. 
of coal ; or ten lbs. of coal per horse power per head. 

The following table exhibits the relative value of different engines in lbs. of coal per 
horse power per hour : — 

Cornish Pumping Engine 1-67 

Bolton and Watt's Single Engine 4-82 

Coi^nish Double Engine 3-25 

Bolton and Watt's Double Engine .... io-5 

The greatest duty performed by the measured bushel of 84 lbs. was 86| millions of 
lbs. There was raised by the Huel Towan engine in Cornwall 1,085 tons (of water) 
one foot high for one farthing. Hence the weight of a man (IJ cwt.) wouhl be raised 
ten miles for one penny I 

In order to raise steam with economy, the surface of water in the boiler, exposed to 
the fire, ought not to be less thon 10 square feet per horse power ; but the usual allow- 
ance in Lancashire is only 7} ; and by Messrs. Boulton and Watt, 5 square feet. 

The values of the mean of the Cornish, Warwick, London, Lancashire, and loco- 
motive experiments, as reported by Mr. Josiah Parkes, were respectivdy 21, 18, 13^, 
and 10 cubic feet of water evaporated by 112 lbs. of coals, from water heated to 
212» F. 

FUEL, GRANT'S PATENT. This fuel is composed of coal-dust and coal-tar 
pitch ; these materials are mixed together, under the influence of heat, in the following 
proportions: — 20 lbs. of pitch to 1 cwt. of coal-dust, by appropriate machinery; 
consisting of crushing-rollers for breaking the coal in the first instance sufficiently 
small, so that it may pass through a screen the meshes of which do not exceed a quarter 
of an inch asunder ; 2dly, of mixing-pans or cylinders, heated to the temperature of 
220°, either by steam or heated air ; and, 3dly, of moulding machines, by which the 
fuel is compressed, under a pressure equal to five tons, into the size of a common brick; 
the fuel bricks are then whitewashed, which prevents their sticking together, either in 
the coal bunkers or in hot climates. The advantages of Grant's fuel over even the 
best coal may be stated to consist, first, in its superior efficacy in generating steam^ 
which may be thus stated — 200 tons of this fuel will perform the same work as 300 
tons of coal, such as are generally used ; secondly, it occupies less space ; that is to say» 
500 tons of it may be stowed in an area which will contain only 400 tons of coal ; 
thirdly, it is used with much greater ease by the stokers or firemen than coal, and it 
creates little or no dirt or dust, considerations of some importance when the delicate 
machinery of a steam-engine is considered ; fourthly, it produces a very small proper* 
tion of clinkers, and thus it is far less liable to choke and destroy the furnace bars and 
boilers than coal ; fifthly, the ignition is so complete that comparatively little smoke^ 
and only a small quantity of ashes, are produced by it ; sixthly, from the mixture of tha 
patent fuel, and the manner of its manufacture, it is not liable to enter into spoataneon* 
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G. 

GALVANO-PLASTIC 13 the German name of Electro- 

Metallurgy, 

GARANCINE, an eittract of mgdder by means of snl- * 
phuric acid, prepared in France, 

GAS-LIGHT. Since the fonner edition of ttiifl work I 
have received from 
Mr. Hedley, an 

engineer of great _- 

eminence and ex- ™ 

perience, plans and 
drawings of gas 
works and of ap- 
paratus of the 
most approved and 
modern construc- 
tion, and on the 
very largest scale 
as to extent of 
business or manu- 
facture; also plans 
and drawings of 
a gas work on a 
smaller scale, with 
its corresponding 
apparatus. In the 
first,or large work, 
purification by wet 
lime, before des- 
cribed, is used ; in 
the latter, by dry 
lime. 

The large work 
referred to is cal- 
culated for and Is 
arranged to con- 
tain 400 retorts, 
12 wet-lime puri^ 
fiers, & 2 washers ^ 
12 large double 
or telescopic gas- 
holders, capable of 
storing 1,000,000 
cubic feet of gas ; 
and coal stores ca^ 
pable of holding 
10,000 tons-ofcoaL 
The smaller work 
is calculated for 
and will contain 40 
retorts, 2 dry lime 
purifiers, and a 
wash vessel ; 2 
gasholders capable 
of storing 50,000 
cubic feet of gas ; 
and coal stores 
sufficient for 1000 
tons of coal. 

Fig. 52 is the 
side « elevation 
(front view) of 
a gas work capa- 
ble of containing 
400 retorts, and 
all their depend- 
encies. 
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Fig. 53, is the plan of the retort house, coal stores, tanks, gas-holders, &c., on the 
largest scale and most approved form, viz.. A, the retort house, 300 feet long, 56 feet 
wide ; B, retort beds ; C, chimney stock ; D, flues ; E, hydraulic mains ; F, coal 
ftores, each 300 feet long, 30 feet wide ; G, condensers ; H, engine houses ; J, 
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vcfsels; K, parifiera and coimexloDs; L, lime store and mixing, tab; M, smitiiB' 
ftod fitters' shop ; N, refuse lime pits ; O, meter-house ; P, tar timk ; Q, tanks, gaa- 
iM^deis, bridges, colomns, valves, and connexions ; R, governors ; S, coke stores ; T, 
kilet pipes ; V, outlet pipes ; W, house and offices { X, stores. 

Fig, 54. Transverse section and elevation of a bed of HS D retorts; A, transverse 
section; B, devatiom 




JF^. 55. Longitadinal section of a bed of 5 D retorts. 
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Fig» 56. EleymtiQft of an upri^t air eondeMer, coaiiitiiig of 6 dMinben, with a 
aasiei of 10-inch pipes. 
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Fig. 57. Elevation of a double or telescopic gas-holder, of a modem and approved 
fivm, with part of tank. 
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Fig. 58. End elevation and plan of air condenser ; A, end elevation ; B^ plan. 

Fig. 59. Set of 3 wet -lime purifiers and wash-vessels in elevation and section, with 
feed-heads, agitators, valves, and connexions, raised for the lime liquor to run from 
one purifier to the next below it, and ultimately into the refuse lime-pits, viz. A, 
lection of wash vessel ; B, section of purifier ; C, elevation of purifier. 
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Fig. 60, Front elermtion of gas worka on a smaOer scale, where dry lime is 
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'Fig, 61. Plan of gas'woifa, eonsistrng of, yiz.: A, retort htmse; B, retort beds; 
Cy chimney stack ; D, fine ; £, hydranlic main ; F, coal store : G, lime store ; R, 
washer and purifiers; J, store; E, tar-tank; L, horizontal condenser laid on Ae 
ground; M, inlet pipe; N, outlet pipe; O, tanks and gas-holders; P, meter and 
governor; Q, smith's shop ; R, office; S, coke store. 
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Fig. 62. Elevations mnd sections of dry-lime pnriflen; A, InigitadiBal 
B, ditto section ; C, transyerae elevation ; D, ditto section. 
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I am well conviaced that a distribution and arrangement of gas-works, combining 
effectiveness, economy, convenience, and elegance, at all equal to the preceding, have 
never before met the public eye, in this or any other country. 



TniAi.s of, and Experiments on, various Kinds of Coal as regards the Production of 
Gas from each, and its Quality or Illuminating Power ; by Joseph Hedley, Esq., Coa> 
salting Gas Engineer, London. 
NoTK.— In all the experiments the gas was passed through a governor, on a prassuie of i lOths of «i 

inch. 

1. 8. 3. '4. & & T;_^ a 9l la 11. !«. 13. 14. 16. 1& W. 
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GlaacowCaa- 
od? . . . 
NowcacUecoal 

Webb Cannel 
New- 



castle Coal 
Pelton, ditto 
Bickefatafl;Li- 
■veqiool ditto 
Wigan Cannei 
BleakJnaopp, 

Cariiale Coal 
■eaShCoal • 



9-Tt 
1-75 
3- 

1-76 
1'73 



1-S7 
1-75 



4'6 
6-8S 



7.6 



NoTB.— The candle here used was a composition candle, with plaited wick, requiring no snnllinf 
giving at least one third more light than mould tallow candles. 
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Attention to the preceding tabular statement of experiments is important, as exhibit^ 
Ing several very important facts, particularly interesting at this moment to the science 
of gas-lighting, andiumfor the first time made public. 

It will not fail to be observed by these experiments that all the coals produced nearly 
equal quantities of gas, notwithstanding the variable characters and qualities of the 
coal. The greatest quantity produced being at the rate of 11 '648 cubic feet per ton of 
20 cwt., the smallest 1 1*200 cubic feet. All these experiments were performed with the 
greatest care, and under precisely similar circumstances as to pressure, manufacture, tc^ 
Ate. The time in which the quantity of gas is produced from the several coals varies con- 
siderably, and deserves notice, as it most materially affects the economy of production 
— that coal being the most valuable, all other things being alike, which yields or gives out 
its gas in the shortest time ; and particuJeur attention is claimed to this fact. For the 
more ready reference to the table the columns are numbered. No. 11 exhibits this 
difference, and it will also be seen by this column that the time varies as the quality 
of the coal, the best coal yielding its gas in two hours, and the worst in three hours. 

Another most important, material, and interesting fact is established by these experi- 
ments — ^that the flow of gas is as its density — demonstrated by the variation in the 
heights of the flames, as shown in column No. 1, being 18 inches in the itiferior gases 
to 22 inches in the superior ; while the quantity of gas required to supply these flames 
is in the inverse ratio of their heights, the lofiger flame requiring but twelve cubic feet 
to maintain it, when the shorter flame, from the inferior gas, required sixteen cubic feet 
See column No. 2. 

Remarkable as this difference in the heights of the flames and the consumption is, 
it is not so great as the difference caused by the quality or illuminating power of the 
several gases, shown by columns Nos. 5 and 6 ; where it will be,seen that the consump- 
tion of the best gas per hour was only ^^ of a cubic foot, and its light was equal to 
3 candles, while that of the worst gas was ^^ of a cubic foot, and its lights equal 
only to 1*75 candles, or nearly, the best to the worst, as 1 to 3. 

The next column. No. 7, exhibits similar results as to the superior value or illumina- 
ting power of one gas over another. In this case an argand burner was used. The 
best gfis required only ttoo feet to be equal to twelve candles, w^hile the inferior required 
five feet to be equal to the same. 

And in column No. 8, in which another and superior argand burner was used, the 
best gas required only three feet to be equal to twenty-five mould candles, while the 
inferior required seven and a half feet : from this it results that the 7J cubic feet of 
inferior gas, to be equal to the 3 feet of good gas, should have given light equal to 
tixty-t'wo and a AaZf candles, whereas they only gave light equal to twenty-five candles; 
•0 great is the difference in the qualities of gas for producing light. 

While on the subject of the illuminating power and the value of one gas over 
another, it will not fail to be observed, by the table, that another great difference also 
exists, caused by the use of particular burners ; as, for example, the best gas in column 
No. 5, where the single jet was used, required seven tenths of a cubic foot to be 
equal to three candles, while the same gas in column No. 7, where a 20-hole ar* 
gand burner was used, required only two feet to be equal to twelve candles ; and in 
column No. 8, where a 30-hole argand burner was used, only three feet was re- 
quired to be equal to twenty-five candles; demonstrating the fact that a great and 
extraordinary improvement in the quantity of illuminating power is effected by the 
simple increase or enlargement of the burner, aflbrding, where great light in one 
position is required, a most extraordinary economy in the use of gas, shown in fact 
practically by the recent introduction of the celebrated " Bu4e" light, patented by Mri. 
Goldsworthy Gumey. 



Tabular Statement, deduced from the foregoing experiments, showing the cost of 
candles to produce as much light as 9,000 cubic feet of gas would afford, being the 
product of one ton of Coal. (The candles are moulds, 6 to the pound, 9 inches long, 
and eacli candle is calculated to burn 9^ hours. Cost of candles lid, per pound, or 
7s. *}d, per dozen pounds.) 



Candles would cost, to be 
equivulent to 


Where a single 

jet burner is 

used. 


Where a 20-hole 

argand burner 

is used. 


Wliere a SO-hole 

areand burner 

is used. 


Where a Bade 

burner is used 

according to 

statement of 

company. 


Common coal gas - • 
Good do. . • - 


£ 9. d, 
10 18 6 
25 18 4 


£ 9. d. 
}5 15 8 
30 6 


£ 9. d. 
21 18 
54 16 7 


£ 9. d. 
59 8 7 
148 
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Table, also deduced from the foregoing, showing the Cost of Gas at the several 
Prices undermeDtioned, and equivalent to 100 pounds of Mould Candles, costing 
3/. 2s, 6d, 



r 

1 Bescrip- 
■tionofGas 


If burnt in 
in a single 
Jet Gas 
equal to 
lUU lbs. of 
Mould 
Candles. 


Gas would cost 
at per thousand 
Cubic Feet. 


If burnt in 
a 20 hole 
Argand 
Burner, 
Gas equal 
to 100 lbs. 

of 
Candles. 


Gas would cost 
at per thousand 
Cubic Feet. 


If burnt in 
a 30 hole 
Argand 
Burner. 
Gas equal 
to 100 lbs. 

of 
Candles. 


Gas would cost at 
per thousand 
Cubic Feet. 


Common 
Good - 


Cub. feet 


5». 

9.d. 

13 5 
5 4 


7*. 

8. d. 
18 9 

75 


9«. 

*. d. 
24 2 
97 


> Cub. feet. 


5«. 

«. d. 
8 10 
3 6 


7*. 

«. d. 
12 5 
4 11 


9$. 

$.d. 
10 
04 


Cub. feet. 


5«. 

«. d. 
6 5 
27 


Is. 


9«. 

«. d. 
11 6 

47 


2,687 
1,072 


1,781 
712 


1,282 
513 


9.d. 

8 11 
3 7 



In the brief description of the meter given in the Dictionary, I omitted to state, 
that this most ingenious scientific contrivance for measuring aeriform or gaseous fluids 
as they flow through pipes is the invention of Samuel Clegg, Esq., Civil Engineer, of 
London, Manchester, Liverpool, Birmingham, Chester, Bristol, &c., &c., in all which 
places he has erected gas-works. To this gentleman's genius and skill the public are 
mainly indebted for many valuable improvements in the application of gas from coal to 
purposes of illumination. 

Brought up in the great engineering establishment of Messrs. Boulton and Watt, 
at Soho, near Birmingham, he became connected with Mr. William Murdoch, who most 
undoubtedly was the author and originator of gas-lighting, as the evidence given before 
a committee of the house of commons in the year 1809 abundantly verified. He 
demonstrated that the light produced from gas was superior in economy to all other 
modes of artificial illumination ; and by that evidence, though so long back as 1809, 
it will be seen that all the information of the present day was even then known to him, 
clearly pointed out, and illustrated by his experiments, which strangely contrasted 
with the statements put forward by the parties then attempting to introduce this mode 
of lighting into the metropolis. All the ephemeral plans of those parties have, how- 
ever, long since disappeared, or nearly all. One, unfortunately, remains, and that a 
most unlucky one — the unprofitable manufacture of coke in gas-making — an article 
worthless in the scale of vailue, which should never have been sought for. Messrs. 
Watt and Murdoch predicted that when the parties became incorporated by parliament, 
they would resort to thtir apparatus, notwithstanding their repudiation of it at the time, 
alleging their own schemes to be so much superior ; and they verified this prediction a 
very few years afterward by engaging the services of Mr. Clegg, to extricate them from 
their manifold and egregious errors. He began by introducing the very apparatus of 
Messrs. Murdoch and Watt, so inconsiderately condemned by them. 

Mr. Clegg put up theirs/ gas-holder ever erected in London. 

To Mr. Clegg is doe also the introduction of lime for the purification of the gas, 
without which gas-lighting would to this day have afforded little comfort and economy. 
The hydraulic main, for separating the gas making from the gas made^ valves, lutes, 
and many other admirable contrivances, are peculiarly due to Mr. Clegg. But the 
crowning performance of all his Ihventions, was that for measuring out the gas to the 
several parties requiring it exactly according to their demands. The manufacture of 
gas having by this time been so far mechanically perfected as to be brought to our 
doors, it became at once apparent that some contrivance should be found by the use of 
which every person might consume as much or as little gas as he pleased, paying only 
for what he really used, thus makin? science subservient to fair dealing. 

Mr. Clegg took out a patent for the gas-meter about the year 1814; but great as 
its merits were, he soon found that serious difficulties remained to be overcome, in in- 
ducing parties to support and encourage its use, even where their interests should have 
prompted them to adopt it. Mr. Clegg had, however, fortunately associated with him, 
toward the completion of the apparatus, Mr. Samuel Crosley ; and by their joint labors 
it acquired its present precision. 

The value of the meter is primarily to the gas companies, ftext to the public. By 
its use, the gas companies are enabled to supply gas to all places where light is re- 
quired, at a rate proportioned to its just value. The public thereby see the economy 
aflforded by gas over candles, oil, or other material ; but they gain also in another most 
important way — by the use of the meter, gas companies, being duly paid, are enabled 
to reduce the prici of gas, and yii rtalize equal profits, thus bringing it within the reach 
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t^r a nHi(% laif er elnss of the eommnnhy ; and it is a well-established fact that in toww 
•where gas is sold by meter, gas companies can and do sell at nearly one half the price 
they otherwise could do. 

Reduction of price increases demand ; increased demand increases profits ; increased 
profits a^ain enable prices to be reduced ; and again, reduced prices increase the de- 
mand, thus benefiting reciprocally companies and consumers. 

Notwithstanding, however, all these advantages, there are not wanting persons who 
have set up an outcry against the use of the meter, by impugning its accuracy, and 
accusing the gas companies with fraud in charging by it. It would be idle to follow 
these parties in their baseless allegations. An action for pirating it was brought and 
tried in the Court of King's Bench, in which not only the novelty of the machine 
was fully established, but its accuracy and usefulness proved by the ablest mathe- 
maticians, mechanicians, and chemists of the day ; and a verdict in its favor obtained. 
Subsequently very large damages have been given for the infringement — in one case 
as much as 5,000/., and in another, in the court of chancery, a decree was made refer- 
ring it to the master, to take an account of the profits made' by the use of the meter ; 
this is not yet finally settled, the master's report finding 6,000/. to be due ; but this is 
excepted to by the parties infringing : the chancellor, however, allowed the exceptions 
to be argued, only on payment by the infringers of 4,000/. into court to meet the pat- 
' entee's law costs. These exceptions have no reference whatever to the (Question of th,e 
accuracy of the meter, but are simply as to whether the advantages of the meter were 
as great as allowed by the master. 

The patent for the meter expired about the year 1828 ; since that period numerous 
competitors have commenced making the machine. 

Mr. Clegg has recently obtained a patent for a dry gas-meter, of which the following 
ere its advantages and construction, as described by the very meritorious inventor : — 

1. Working without water. 

2. Working without membranes or valves. 

3. Working without requiring the least pressure. 

4. Working without interference with the perfect steadiness of the lights. 

5. Registering more accurately than any other meter. 

6. Occupying only one tenth of the space of the coounon meters. 

7. Being subject to little or no wear and tear. 

8. And being cheaper. 
Prices* — For plain meters — 

£ a. d. 

Three-light meter - - - 1 12 

Six-light do. - - - 2 4 

Twelve-light do. - - - 3 3 

The highest numbers will be still cheaper in proportion. 

Ornamental meters, appearing like handsome timepieces, for halls, living-rooms, 
-committee-rooms, offices, counting-houses, &c., are charged extra, at ten ahillings each 
and upward, according to pattern. 

Deicription of Clegg's patent dry Giu-nuter. 

The twoJSg«., 63, 64, are half .the full size of the apparatus, and the letters of refer- 
ence are the same in both. 

B, Byfig, 63, represents a cylindrical vessel, about three inches and three quarters 
'diameter, and four inches deep, being the dimensions of a meter capable of measuring 
gas for three burners, called a three-light meter. In this vessel are two glass cylinders 
F, F, connected together by the bent tube d. The cylinders being perfectly exhausted 
of air, and half filled with alcohol, are made to vibrate on centres e and e, and are 
balanced by the weight/. 

This instrument accurately indicates the excess of heat to which either cylinder may 
fve exposed, upon the principle of Leslie^s difi*erential thermometer. 

C is a hollow brass box, called the heater, about four inches long, and half an inch 
broad, projecting out of the meter about one inch. At a issues a small jet of gas, 
which, when inflamed, gives motion to the cylinders* 

The gas enters the meter by the pipe A, and circulates throughout the double case B ; 
having passed round the case B, a portion of it enters the top c^ the box C, by the pipe 
D, and passes out again at the bottom by the tube c, into the meter ; the rest of the 
gas enters the body of the meter through holes in the curved faces of the hoods £, ^, 
and after blowing on the glass cylinders, passes to the burners by the outlet pipe. 

To put the meter in action, let the jet a be lighted about an hour before, the burners 
'are -wanted. In most eases this jet wills be lighted aU<day aa a useful flame. The 
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hole a is so situated on the box C, that whatever be the size of the jet, a fixed tem- 
perature is giveu to the box, that temperature depending on the quantity of flame in 




contact with the box, and not at all on the length of the jet. The jet being lighted, 
and the box C thereby heated, the gas which passes- through it is raised to the same 
temperature, and, flowing out at the tube c, impinges on the glass cylinder which 
happens for the time to be lowest; the heated gas soon raises a vapor in the 
lower cylinder, the expansion of which drives the liquid into the upper one, until it 
becomes heavier than the counterpoise/, when the cylinders swing on their centre, the 
higher one descends, and comes in the line of the current of hot gas, and the lower one 
ascends ; the same motion continues as long as the jet a burns. The same eflfect on 
the cylinder is maintained, however the outward temperature may change, by the 
cold gas, which, issuing from the curved side of the hood EE, impinges on the upper 
cylinder, and hastens the condensation of the vapor which it contains. 

The cold gas and the heater vary in temperature with the room, and thus countered^ 
each other. 

The lighting of the jet a is essential to the action of the meters ; in order to insure 
this, the supply of gas to the burners is ma/fe to depend on it in the following manner. 
The pipe G, by which the gas leaves the meter, is covered by a slide valve, which is 
opened and shut by the action of the pyrometer g ; the pyrometer is in communication 
with and receives heat from the jet, and opens the valve when hot, closing it again 
when cold. 

The speed at which the cylinders vibrate is an index of the quantity of heat com- 
municated to them, and is in exact proportion to the quantity of gas blowing on them 
through the pipe c and curved side of the hoods EE. 

The gas passed through the heater is a flxed proportion of the whole gas passing the 
meter ; therefore the number of vibrations of the cylinders is in proportion to the gas 
conijamed. 

A train of wheel-work, with dials similar to that used in the conmion meter, regis* 
ters the vibrations. 

Simplicity, accuracy, and compactness, are the most remarkable features of this 
instrument, and the absence of all corrosive agents will insure its duzability. 
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Directions for fixing and using C leg g's patent dry Gas-metera. 

Choose a situation for fixing the meter, where the small jet of flame will be of the 
greatest use, such as an office-desk or counter, taking care to screw the same firm and 
level on its base. When the jet at the top of the meter is required to be kept con- 
stantly burning as a useful flame, press in the brass knob at the front of the meter, and 
before lighting the burners pull it out ; when the small flame is not required, let it be 
lighted about an hour before you want the burners lighted. Adjust the size of the 
small flame at pleasure by the screw 6. 

On the back of each meter is marked the number of lights it will supply. 

The inlet and outlet pipes are marked at the bottom of the meter. 

The quantity of gas consumed is recorded by the index in the usual way. 

For testing Clegg's patent dry Gas-meters. 

Pass the gas through two meters at least, and take the mean. Vary the number of 
lights at pleasure, not exceeding the number marked on the meter, and when one or 
two hundred cubic feet of gas have been consumed, compare the indices. 

These meters are not for measuring small fractional parts ; but taking the average 
for any periodical consumption, are more accurate than any other meter. 

Mr. Thomas Edge, of Great Peter Street, Westminster, has contrived the following 
meter, of which drawings are annexed. 

Fig. 65 is a front view of a three-light meter, the front plate being removed, and 
some of the parts shown in section 65. 




Fig* 66 is a transverse section of the same. 

The gas enters at a into the small chamber b, in the bottom of which is a lever 
valve (part of Mr. Edge's patent improvements), moving upon its axis and attached 
by the rod to a metal float c, which in the present drawing is buoyant. The object 
of this arrangement is to intercept the passage of the gas into the meter, unless a 
sufficient quantity of Water is in it, that being necessary to its proper action ; the gas 
then passes through the inverted syphon or tunnel into the convex cover, whence it 
passes into the chambers of the drum. 

Another of Mr. Edge's improvements consists in the cutting down of this syphon pipe 
or tunnel to the proper water level, and connecting the bottom of it to a waste water- 
box, into which any surplus water must fall. The importance of this precaution will be 
seen on investigating the drum, as an excessive height of the water will materially 
interfere with the measurement, the quantity of gas delivered per revolution being 
considerably less. This, in connexion with the lever valve and float, confines the 
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variation of the water levels within snch narrow limits, that the meaAorement may be 
considered perfectly just on all occasions. 

The last patent by Mr. Edge is for an improved 
index, which is composed of a series of moving 
dials, with 10 figures upon each, one figure only ap- 
pearing of each series at a time. 

This contrivance is very ingenious, and will no 
doubt be applied to other machines, where indexes 
{indices) of quantity are required. 

Recurring to Mr. Clegg, he is also the inventor 
of an instrument of great value— appropriately 
called a "governor." Its purpose is to render 
equal the height of flame of the several burners in 
any house or establishment, and to >.keep them so, 
notwithstanding any, and whatever alteration may 
be made in the pressure at the works or elsewhere. 
This instrument is perfected, and successfully ap- 
plied, though it is not so generally in use as it 
ought to be. By the use of this instrument a light 
once set at the height desired will maintain that 
height uniformly, and without the least variation 
the whole evening; and continue to do so till 
altered. 

Without this instrument, it is necessary to pay 
attention to the burning of gas-lights, as their 
heights are frequently affected by the most trifling 
circumstance, such, for example, as their extinction 
at the hour of closing the shops, which makes a sen- 
sible difl'erence in the neighborhood. 
All these works have prodigiously increased in the quantity of gas made and sup- 
plied. Since the account in the former edition of this work, large additional manufac- 
tories have been erected by new companies, and great additions made by the old ones. 
There are now in the metropolis alone 15 public gas companies, having among them 
23 gas establishments. The quantity of gas manufactured by these 23 gas-works, and 
supplied to the public was during the past year three thousand one hundred millions 
of cubic feet of gas ; and the coal used to produce this quantity of gas was at the least 
400,000 tons ! 

Baked clay retorts are very generally used in Scotland, and found to be most economi- 
cal as regards wear and tear; in London, however, they are mostly of cast iron. 

The pressure upon the retorts is caused principally by the use of wet lime, used in 
London, because the process is less expensive and less cumbersome than iry lime. 
Wet lime can not be used with clay retorts, owing to this excess of pressure. 

Merit is due, for enlargmg the capacities of double gas-holders, to the late 
Mr. Joshua Horton, of West Bromwich, near Birmingham; and to Mr. Stephen 
Hutchinson, engineer of the New London Gas-Works, Vauxhall, where they were first 
successfully introduced, and manufactured by Mr. Horton. They have now come very 
generally into use throughout the kingdom, and are manufactured by all gas-holder 
makers. 

Separate gas-holders are advisable and advantageous, but they are nut generally 
used, except in Glasgow, Manchester, Birmingham, Sheflield, and a few bther places. 

The annexed drawing represents Mr. CrolPs vessels for the purification of gas from 
ammonia, which is eflfected by means of dilute sulphuric acid applied between the con- 
densers with the ordinary lime purifiers. The vessels are made of either wood or iron, 
and lined with lead ; have a wash-plate similar to the wet lime purifiers. The radi- 
ating bottom formed of wooden bars, as shown in the drawing, is for the purpose of 
supporting the wash-plate and distributing the gas. 

Fig, 67 : a, is the inlet pipe ; 5, the outlet pipe ; e, c, the tube with funnel for 
introducing the sulphuric acid ; d, the first purifying vat ; e, the second ditto, both 
lined with lead, and which are filled up to the dotted line with the dilute acid ; /,/, 
the water supply-pipe ; g, g, the discharging cocks. 

Fig. 68 represents a. ground-plan of the vats, each 10 feet in diameter; A, the 
bottom of the middle ; B, the inlet of the gas ; C, the outlet of ditto. 

In commencing the process, these vessels are charged with water and sulphuric acid, 
in the proportion of seven pounds, or thereabouts, of the latter, to 100 gallons of the 
former. As the acid is neutralized by the ammonia conudned in the gas passing 
through the vessels, the above proportion, as near as may be, is kept up by a continuous 
dropping or running of acid, regulated according to the quantity of ammonia contained 



118 



GAS-LIGHT. 



ift the gas, from a reservoir placed on the top of the saturator. This mode of supplying 
the acid is continued until the specific gravity of the solution arrives at 1170, or close 




to the point of crystallization, after which the supply of acid is discontinued, and the 
liquor retained in the vessel until neutral, when it is drawn off and evaporated, and 
yields a pure sulphate of ammonia. 

This process has been introduced at several of the provincial gas-works, the three 
stations of the Chartered, the Imperial, Phoenix, &c., &,c. Mr. CroU is also now in 
treaty with several other companies for its introduction. 

The produce — sulphate of ammonia — from the process, by the gas-companies using 
it, now amounts to several tons per week — and it may be here mentioned, as one of the 
advantages of science, that the ammonia so produced before the adoption of this process 
passed along with the gas to the consumer, destroying rapidly the main pipes, fittings, 
and metres, through which it was transmitted, as well as deteriorating the illuminating 
power of the gas, and producing a choky effect when consumed in close apartments. It is 
now employed as a manure, and found to be superior in its effects as a fertilizer, as well 
as comparatively cheaper than any of the other artificial manures ; so that whether 
Mr. C.'s inv^Jition be looked upon as affecting improvements in the manufacture of 
gas, hitherto unknown, or as producing a valuable manure, the results are alike of the 
utmost importance. 

(When Mr. Croll's process is employed before the lime purifiers, dry lime can be 
used without creating the nuisance hitherto complained of, and a much less quantity is 
required for this purification.) * 

Mr. Croll has recently patented another invention, connected also with the manufac- 
ture of gas, which consists in the combination of clay and iron retorts, so that the heat 
of the furnaca first acts on the clay retorts and then passes to those of iron. 

The annexed drawing is a transverse section : — 

A is the fireplace. 

B B are piers of fire-bricks, placed at intervals to form nostrils or flues, and the fire 
tile resting upon them in conjunction with the front and back wall, form the bed or 
support of the clay retort 1, and the clay retort 2 is also supported by the front and 
back brickwork, and a lump, or fire-brick, e, placed midway on the crown of the 
retort 1. 

F is a wall which separates the clay retorts 1 and 2, and the iron retorts 1° and 2° ; a 
Space being left between the top of the said wall f, and the under surface of the arch, 
to allow the fire or heated air to pass freely from the clay to the iron retorts. 

G G is the bed, and h h is the flue under the iron retort 1°. The retort 2? is sup- 
ported by the front wall and pieces or lumps. 

J, placed at the back and crown of the retort 1°, in connexion with the horizontal 
flue. H is a vertical flue, forming a passage thence into the shall or chimney. 

The heat passes from the furnace or fireplace a, through the spaces or nostrils formed 
by the piers b b, and around the clay retorts 1 and 2, over the wall f, descends between 
and around the iron retorts and along the flue h, and escapes by the vertical flue into 
the chimney. The advantages of this mode of setting retorts are the small quantity of 
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bric^ork necessary for the erections, the increased durability of the retorts, and th«- 
economy in fuel. From adoptin;^ this mode of setting a brick lump, it has been found 
that 12 tons of coke will carbonize 100 tons of coal. 




L is the chimney stalk, and <2 is a damper or register plate for regulating the chimney 
draught. 

Before dismissing Mr. CroU's patent improvements, it is proper to state, that the sul- 
phuric acid used for condensing the ammonia should be free from iron, otherwise the 
sulphuretted hydrogen of the coal gas is apt to give rise to sulphuret of that metal which 
will blacken the sulphate of ammonia and reduce its value in the market. An occur- 
rence of this kind was recently brought professionally before me for investigation* The 
Bulphuric acid had been made from pyrites. 
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Copy of a paper laid before a committee of the House of Commons, shoving, not 
only the relative values of the gases produced at the under mentioned places, but 
showing in like manner the relative economy of gas, as produced at the diflerent 

• places, over candles. By Joseph Hedley, Esq. 
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Memorandum. — It will not fail to be observed that in deducing the comparative value 
between candles and gas by these experiments, the single jet (and in every instance^ 
of course, it was the same), has been the medium. This, however, though decidedly 
the most correct way of making the comparative estimate of the illuminating power 
of the several gases, is highly disadvantageous in the economical comparison, inasmuch 
as gas burnt in a properly regulated argand burner, with its proper sized glass, air 
aperture, and sufficient number of holes, gives an advantage in favor of gas consumed 
in an argand, over a jet burner, of from 30 to 40 per cent. At the same time it 
must not be overlooked that in many situations where great light is not required, it 
will be found far more economical to adopt the use of single jets, which by means of 
swing brackets anc^light elegant shades, become splendid substitutes for candles, in 
banking establishments, offices, libraries, &c., &c. 

Note. — In Glasgow, Edinburgh, Dundee, Perth, and the Scotch towns, generally, 
the Parrot or Scotch Cannel coal is used ; in illuminating power and specific gravity 
the gas produced is eq^ual to that from the best description of Cannel coal in England. 
The price per 1,000 cubic feet ranges about 95., with from 6 to 30 per cent, off for 
discounts, leaving the net price about 9«., to be equal in the above table to 100 lbs. 
of candles. 

Epitome of Experiments made in Gas produced from different qualities of coal, and 
consumed in different kinds of Burners, tried at the Sheffield Gas Light Company's 
Works, and laid before a Committee of the House of Commons. By Joseph 
HecUey, Esq. 
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Copy of Expcrimenta made at the Alliance Gas Company's Works in DnUin, dniing the 
past year 1837. By Joseph Hedley, Esq. 

Resalts of eiperiments on the qualities of various coals for the production of gas ; itfl 
yalne in illuminating power; produce of coke, and quality; and other particuUura 
important in gas-making : — 

Ut Experimenty Saturday, May Zlth, 1837. — ^Deane coal (Cumberland), 2 cwt. of 
112 lbs. each (or 224 lbs.) produced 970 cubic feet <^ gas; 4 bushels of coke of middling 
quality ; specific gravity of the gas, 475. Consumed in a single-jet burner, flame 4 
inches high, 1-^- cubic feet per hour ; distance from shadow 76 inches or 2*3 mould 
candles. Average quantity of gas made from the chaige (6 hours) 4*33 cubic feet per 
lb., or 9,700 cubic feet per ton of 20 cwt. Increase of coke over coal in measure, not 
quite 30 per cent. Loss in weight between coal, coke, and breize, 56 lbs., converted into 
gas, tar, ammonia, &c. 

2d Experimenty May 28/A.— Carlisle coal (Blenkinsopp). 224 lbs. produced 1,010 
cubic feet of gas, 4 bushels of coke of good quality though small ; increase of coke over 
coal in measure not quite 30 per cent. Loss in weight, same as foregoing experiment. 
Average quantity of gas made from the charge (6 hours) 4*5 cubic feet per lb. or 10,080 
per ton. 

JUuminating Power of the Oa$. 
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3d Experiment, May 29th. — Carlisle coal (Blenkinsopp). 112 lbs. produced 556 
cubic feet of gas. Other products, loss of weight, &c., same proportion as foregoing 
experiment. Average quantity of gas made from the charge (6 hours) 4*96 cubic feet 
per lb., or 11,120 per ton. 

In this experiment the quantity of gas generated every hour was ascertained ; the 
flluminating power, the specific gravity, and the quantity of gas consumed by the single 
jet with a flame 4 inches high, was tried at the end of each hour, with the respective 
gases generated at each hour ; and the following is a table of results. 

RESULTS. 
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75 
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2*08 
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Average of the above gas, 6-hour charge. 
92} 16 lOths. nearly *359 81 2*03 

Average of the above gas, at 4-hour charge. 
115 121 lOths. -421 75 2^36 

Production of gas in 6 hours, 556 feet, or at the rate of 11,120 cubic feet per ton. 
Ditto in 4 hoorSf 460 feet, or at the rate of 9,200 ditto. 
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The relative value of these productions of gas is as follows, viz :— 

11,120 at 16 lOths per hour nearly (or 1.5916 accurately), and equal to 22*03 can- 
dles; the 11,120 feet would be equal to and last as long as 1,597 candles, or 2661 
Mns. of candles. 

9200 at 12| lOths per hour (or 1*2375 accurately), and equal to 2*36 candles ; the 
9,200 feet would be equal to 1,949 candles, or 324« lbs. candles. 

Now 2661 lbs. of mould candles, at 7i. 6d. per dozen lbs. will cost SI. 6s. 4|d.; white 
324|lbs.of do. do. at 79.6(2. per do. do. 10/. 3«. 

Showing the value of 4-hour charges over 6-hour charges ; and of 9,200 cubic feet 
over 11,120 cubic feet. 

NoTB.— 9500 cubic feet of Wigan cannel coal gas are equal in illaihinating power to 859 1-6 lbs. of 
candles, which at 7». fid. per dozen lbs., will cost 252. 10s. ^d. It is also found that any burner with 
superior gas, will consume only about half the quantity it would do with common gas. 

4lh Experimeni, May 30/A.— Cannel and Cardiff coal mixed ) and i, together 112 
lbs., produced 460 feet of gas, 2 bushels of coke of good quality ; increase of coke 
over coal in measure about 30 per cent. ; loss in weight 41 lbs. ; coke weighed 71 lbs., 
nobreize. Average quantity of gas made from the charge (4 hours), 4*1 cubic feet 
per lb., or 9*200, per ton. 

ninminaiing Poiper.— At end of first hour. 

Candles. Cubic feet. 

Distance of candle from > «o 0.49 5 Consumed per hour, single ) Jn lOths 

shadow - - ) i jet, 4 inches high - > 

At end of 2d hour, do. 70 or 2*72 Bo. do. do. 11| lOths. 

At end of 3d hour. This gas very indifferent. 

Average of the three - 70 or 2*72 Do. do. do. Hi lOths. 

Specific gravity 3*44 ; 5 feet per hour, with a 20-hole argand burner, equal to 14'66 
candles. 

5th Experiment, May 3Ut. — Carlisle coal, 112 lbs. produced 410 feet of gas; other 
products, same as in former experiments with this coal, but heat very low. 

Illuminating Power wnd Produce of Gas, 

( Average of this gas : specific gravity, 540 ; 
distance of candle from shadow, 55 inches, 
or 4*4 candles consumed per single jet, 9 
lOths of a cubic foot per hour 20-hole 
argand burner, 4 feet per hour, equal to 
21*33 candles. 

It is possible, from the superior quality of this gas, that a little of the cannel gas 
made for a particular purpose may have got intermixed with it in the experimental gas- 
holder and apparatus. 

Various other experiments were tried on different qualities of coal, and mixtures of 
ditto, too tedious to insert here, though extremely valuable, and all tending to show the 
superior value of gas produced at short over long charges ; and also showing the 
importance and value of coal producing gas of the highest illuminating power ; among 
which the cannel coal produced in Lancashire, Yorkshire, and some other counties of 
England and Wales, and the Parrot or splent coal of Scotland, stand pre-eminent. 

Note.— In all the foregoing experiments the same single-jet burner was used ; its flame in all 
instances exactly 4 inches high. 

The coal when drawn from the retort was slaked with water, and after allowing some short time 
for drying, was weighed. 
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z' 1st hour 120 cubic feet. 
! 2d 100 

f3d 90 

I 4th 100 
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Copy of a Paper submitted to a Committee of the House of Commons in the Session of 1837, 
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Bude4ight» — This brilliant mode of illinnination has been so called from the 
name of the residence in Cornwall of Mr. Goldsworthy Gurney, who obtained a pat- 
ent for it in the year 1838. In its first form it consisted of a common argand oil 
flame or lamp of rather narrow circular bore, into the centre of whose wick a jet of 
oxygen gas was admitted through a tube inserted in the middle of the burner. Thia 
contrivance was not, however, new in this country, for a similar lamp, similarly sup- 
plied with oxygen gas, was employed by the celebrated Dr. Thomas Young in his 
lectures at the Royal Institution of Great Britain for the purpose of illuminating a 
solar microscope, or gas microscope, about 40 years ago, and I had done the same thing 
in Glasgow in the year 1806 or 1807. When used as a light for lighthouses or for 
other continuous illumination, it has been found to be too expensive and difficult to 
manage. It was tried upon a good scale a few years ago both by the Trinity House 
in Tower Hill, and in one of their lighthouses on the coast, as well as by the House 
of Commons. The Masters of Trinity did not find it to be essentially superior for 
the use of their lighthouses to their, old and ordinary plan of illumination with a 
number of argand lamps placed in the focus, or near the focus, of reflecting mirrors^ 
It was, after several expensive trials by them and in the House of Commons, aban- 
doned by both. 

In the course of numerous experiments in the Trinity House, Tower Hill, Mr. 
Gumey had occasion to examine the structure and see the performance of Mr. FresnePs 
compound argand lamps which are used in the French lighthouses, furnished with 
refracting lenses of peculiar forms which surround these lamps, and transmit their con- 
centrated light in any desired horizontal direction along the surface of the sea. Two of 
Mr. Fresnei's lamps are placed in the lamp apartment of the Trinity House. Each 
consists of a series of 4, 5, or 6 concentric wicks in the same plane, supplied with oil 
from the fountain below by means of a pumping mechanism, as in the well-known 
Parisian lamps of Carcel and Gagneau. The efifect of 4, 5, or 6 concentric flames thus 
placed in close proximity to each other, with suitable supply of air through the interior 
of the innermost tube and the interstices between the exterior ones, is, to increase the 
heat in a Very remarkable degree, and by this augmentation of the heat to increase pro- 
portionably the light. For it has been long known that a piece of even incombustible 
matter, such as a lump of brick, intensely heated, sends forth a most brilliant irradia- 
tion of light. This fact was applied first to the purpose of illuminating objects by Pro- 
fessor Hare of Philadelphia, fully 40 years ago. By directing the very feebly luminous 
flame of the compound jet of hydrogen and oxygen upon a bit of clay, such as one 
of Wedgwood's pyrometer pieces, a most vivid illumination was sent forth from it as 
soon as it became intensely heated.^ More lately, a piece of lime has been used instead 
of a bit of clay, as it is not so apt to change by the ignition, and afifords, therefore, a 
more durable effect. It is used in our modern gas microscopes. Mr. Gumey suggest- 
ed the use of lime for the above purpose in a work on chemistry which he published 
more than twenty years ago. It was afterward adopted by Mr. Drummond, in order 
to make signal lights in the trigonometrical survey of the Board of Ordnance, and was 
therefrom called the Drummond light, though he had no share whatever in the merit 
of the invention. 

The structure of the Fresnel lamp would naturally suggest to Mr. Gumey the idea 
of trying the efi'ect of a similar construction of an argand gas-lamp. But prior to the 
execution of this scheme, he obtained a second patent in the year 1839, for increasing 
the illuminating power of coal-gas by feeding its flame in a common argand burner 
with a stream of oxygen. But here a serious difficulty occurred. The stream of oxygen 
when admitted into the centre of such a flame, instead of augmenting its quantity of 
light, destroys it almost entirely. This result might have been predicted by a person 
well versant in the principles of gas illumination, as long ago expounded in Sir Hum- 
phrey Davy's admirable Researches on Flame. This philosopher demonstrated that 
the white light of gas-lamps, as also of oil-lamps, was due to the vivid ignition of solid 
particles of carbon evolved by the igneous decomposition of the hydro-carburet, either 
in the state of gas or vapor; and that if, by any means, these particles were not de- 
posited, but burned more or less completely in the moment or act of their evolution 
from the hydro-carburet, then the illumination would be more or less impaired. Mr. 
Gumey, on observing this result, sought to obviate the evil, by charging the cOal-gas 
with the vapor of naphgia. Thus a larger supply of hydro-carburet, and of carbon of 
course, being obtained, the flame of the naphthalized gas, admitted with advantage 
the application of oxygen gas, for the increase of its light ; on the principle of greater 
intensity of ignition, and consequently of light being produced by the burning of carbon 
in oxygen than in common air, as had been long known to the chemical world. But 
■en obstmction to the permanent employment of naphthalized gas was experienced by 
Mr. Gumey, by the deposition of liquid naphtha in the pipes of distribution. He 
was therefore induced to renounce this project. He then resorted to the use of coal-gai. 
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purified in a pecaliar way, and burned in componnd Arsfand lamps, copeisting of two 
or more concentric metallic rings, perforated with rows of holes io their upper surfaces, 
having intervals between the rings for the admission of a proper quantity of air, the 
burner being enclosed in a glass chimney at the level of the flame, surmounted by a 
tall iron chimney. Between these two chimneys, a certain space is left for the admission 
of air, and to favor draught and ventilation. The intensity and whiteness of the cylinder 
of light produced by the combustion of coal gas in this lamp are truly admirable, and 
form such an improvement in illumination fyr streets, churches, public rooms, and private 
houses, as to merit the protectioir of a patent, and the encouragement of the public 
at large. 

General Estimate of Sizes, Number of Concentrics, Consumption of Gas, and Comparative 

Light. 



Size. 


Number of 
Concentrics. 


Bade Consainp> 
tion per hour. 


Height of 
Flame. 


Comparative Light. 


Argand 

Consumption 
Per Hour. 


Inches. 
5 


2 
2 
2 
2 
2 
3 
3 
3 


Feet. Inches. 
10 6 
16 4 
21 6 
26 4 
33 7 
40 
43 5 
56 4 


Inches. 
3 
3 
3 
3 
3 
3i. 

3i 

4 


15-hole argands. 

5 

8 
10 
12 
15 
18 
20 
24 


Cubic feet. 

30 

48 

60 

72 

90 
108 
120 
144 



GELATINE. The substance produced by boiling the skin of animals in water, which 
in its crude but solid state is called g/ue, and when a tremulous semi-liquid, sizt. 
The latter preparation is greatly used by the paper-makers, and was much improved by 
the following process, for which Mr. William Rattray obtained a patent in May, 1838. 
The parings and scrows of skins are steeped in water till they begin to putrefy ; they are 
then washed repeatedly in fresh water with the aid of stampers, afterward subjected, in 
wooden or leaden vessels, to the action of water strongly impregnated with sulphurous 
acid for from 12 to 24 hours ; they are now drained, washed with stampers in cold water, 
and next washed with water of the temperature of 120* F., which is poured upon 
them and run off very soon to complete their purification. The scrows are finally con- 
verted into size, by digestion in water of 120° for 24 hours ; and the solution is made 
perfectly fine by being strained through several thicknesses of woollen cloth. They must 
be exhausted of their gelatinous substance, by repeated digestions in the warm water. 
The claim is for the sulphurous acid, which, while it cleanses, acts as an antiseptic. — 
Newton's Journaly xiv. 173. 

A fine gelatine for culinary uses, as a substitute for isinglass, is prepared by Mr; 
Nelson's patent, dated March, 1839. After washing the parings, &c., of skin, he scores 
their surfaces, and then digests them in a dilute caustic soda ley during ten days. 
They are next placed in an air-tight vat, lined with cement, kept at a temperature of 
70^ F. ; then washed in a revolving cylinder apparatus with plenty of cold water, and 
aAerward exposed to the fumes of burning sulphur (sulphurous acid) in a wooden 
chamber. They are now squeezed to expel the moisture, and finally converted into 
soluble gelatine by water in earthen vessels, enclosed in steam cases. The fluid gelatine 
is purified by straining it at a temperature of 100^ or 120^ F. I have examined this 
patent gelatine, and found it to be remarkably good, and capable of forming a fiine calTs 
foot jelly. , 

Very recently a very beautiful sparkling gelatine has been prepared under a patent 
granted to Messrs. J. & G. Cox, of Edinburgh. By their process the substance is ren- 
dered perfectly pure, while it possesses a gelatinizing force superior even to isinglass. It 
makes a splendid calves' feet jelly and a milk-white blanc-mange. The patentees also 
prepare a semi-solid gelatine, resembling jujubes, which readily dissolves in warm water, 
as also in the mouth, and may be employed to make an extempoi^neous jelly. 

The gelatine of bones may be extracted best by the combined action of steam 
and a current of water trickling over their crushed fragments in a properly con- 
structed apparatus. When the gelatine is to be used as an alimentary article, the 
bones on«ht to fee quite fresh, well preserved in brine, or to be dried strongly by a 
stove. Bones are best crushed by passing them between grooved iron rolls. The 
cast-iron cylinders in which they are to be steamed, should be three times greater in 
length than in diameter. To obtain 1,000 rations of gelatinous soup daily, a charge 
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of four cylinders is required ; each being 3| feet long, by 14 inches wide, capable of 
holding 70 lbs. of bones. These will yield each hour about 20 gallons of a strong 
jelly, and will require nearly one gallon of water in the form of steam, and 5 gallons 
of water to be passed through them in the liquid state. The 5 quarts of jeUy pro- 
duced hourly by each cylinder, proceeds from the 1 quart of steam-water and 4 quarts 
of percolating water. 

The boiler should furnish steam of about 223^ Fahr., at a pressure of about 4 lbs. 
on the square inch. 

In fig> 70, A, B, C, D, represents a vertical section of the cylinder ; G, H, I, E, a 




section of the basket or cage, as filled with the bruised bones, enclosed in the cylinder f 
E, C, C, the pipe which conducts the steam down to the bottom of the cylinder ; L, S, 
a pipe for introducing water into the interior; M, a stopcock for regulating the 
quantity of water (according to the force of the steam pressure within the apparatus), 
which should be 3i quarts per hour ; N is a tube of tin plate fitting tightly into the 
part S, of the pipe L; it is shut at R, and perforated below with a hole; it i? 
inserted in its place, after the cage full of bones has been introduced. Fig. 71 is an 




elevation of the apparatus. A, B, C, D, represent the four cylinders raised abont 
20 inches above the floor, and fixed in their seats by screws; /jf. A, are the lids; 
g, g, tubulnres or valves in the lids ; i, ring junction of the lid ; p, a thermometer; 
/, /, stop-cocks for drawing off the jelly; n, n, small gutters of tin-plate; m, the 
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general gutter of discharges into the cistern 6 ; o, a block and tackle for hoisting tlie 
cageful of bones in and out. Fig. 72 is an end view of the apparatus ; a, the main 

steam-pipe; a, 6, c, c, branches that condnct the 
steam to the bottom of the cylinder; o, the 
tackle for raising the cage ; s, stopcock ; t^ small 
gutter ; m, main conduit ; 6, cistern of reception. 
When a strong and pure jelly is wished for, 
the cylinder charged with the bones is to be 
wrapped in blanket stuff; and whenever the 
grease ceases to drop, the stopcock which admits 
the cold water is to be shut, as also that at the 
bottom of the cylinder, which is to be opened only 
at the end of every hour, and so little as to let 
the gelatinous solution run out, without allowing 
any of the steam to escape with it. 

Butcher^s meat contains on an average in 100 
pounds, 24 of dry flesh, 56 of water, and 20 of 
bones. These 20 pounds can furnish 6 pounds 
of alimentary substance in a dry state; whence 
it appears that, by the above means, one fourth 
mora nutritious matter can be obtained than is 
usually got. I am aware that a keen dispute 
has been carried on for some time in Paris, be- 
tween the partisans and adversaries of gelatine 
as an article of food. It is probable tluit both 
_^ parties have pushed their arguments too far. 
Calf's-foot jelly is still deemed a nutritious 
article by the medical men of this country,. at least, though it is not to be trusted 
to alone, but should have a due admixture or interchange of fibrine, albumine, 
easeum, &c. 
GILDING. See Electro-Metallubgy. 

GLASS. Duty collected on it in the United kingdom : In 1831, 732,465/. ; 1832, 
751,448/.; 1833,828,558/.; 1834,916,822/.; 1835,966,121/.; 1836,933,281/.; 1837, 
»03,846/. ; 1838, 879,859/. ; 1839, 868,193/. ; 1840, 965,967/. 

Crystal glass is rapidly corroded by the sulphate of ammonia, at a heat of 600* F. 
GLOVE. See Leather. 

GLUCOSE, the name given to grape and starch sugar by M. Dumas. 
GROWAN. The name given by the Cornish miners to granite, and to rocks of like 
structure. 

GUANO. This extraordinary excrementitious deposite of certain sea-fowls, which 
occurs in immense quantities upon some parts of the coasts of Peru, Bolivia, and 
Africa, has lately become an object . of great commercial enterprise, and of intense 
interest to our agricultural world. Four or five years ago it was exhibited and talked 
of merely as a natural curiosity. No one co41d then have imagined that in a short 
period it would be imported from the coasts of the Pacific in such abundance, and at 
such a moderate price, as to cheer by its fertilizing powers the languid and depressed 
spirits of the farmers throughout the United Kingdom. Such, however, is now the 
result, as attested by the concurring reports of almost all the agricultural societies 
of Great Britain and Ireland. No less than 28,500 tons of guano have been already 
imported from Peru and Bolivia, 1,500 from Chili, and 8,0(K) from Africa, altogether 
38,000 tons, while more is on the way. The store of it, laid up from time immemorial 
in the above localities, seems to be quite inexhaustible ; especially since it is receiving 
constant accessions from myriads of cormorants, cranes, &c. 

Having been much occupied with the chemical analyses of guano during the last 
two years for Messrs. Gibbs, of London, and Messrs. Myers, of Liverpool, who are the 
co-agents of the Peruvian and Bolivian governments, I have enjoyed favorable oppor- 
tunities of examining samples of every description, and hope to *show that many of the 
analyses of guano hitherto published have been made upon specimens not in their nor- 
mal or sound state, like the best imported by the above houses from Chincha and Bolivia, 
but in a certain state of eremacausis and decay. 

Huano, in the language of Peru, signifies dung ; a word spelt by the Spaniards guano. 
The natives have employed it as a manure from the remotest ages, and have by its means 
given fertility to the otherwise unproductive sandy soils along their coasts. While Peru 
was governed by its native incas, the birds were protected from violence by severe laws. 
The punishment of death was decreed to persons who dared to land on the guanifer- 
ous islands during the breeding period of the birds, and to all persons who destroyed 
them at any time. Overseers were appointed by the government to take care of the 
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goeno djstricts, and to assign to each claimant his due share of thepredons dnng. The 
c^brated Baron Von Humboldt first brought specimens to Europe in 1804, which he 
aent for examination to Foureroy, Vauquelin, and Klaproth, the best analytical chem- 
ists of the day ; and he spoke of it in the following terms : " The guano is deposited, in 
layers of 50 or 60 feet thick upon the granite of many of the South sea islands off the 
coast of Peru. During 300 years the coast birds have deposited guano only a few 
lines in thickness. This shows how great must have been the number of birds, and 
hew many centuries must have passed over in order to form the present guano-beds." 
The strata have undergone many changes, according to the length of time they have 
been deposited. Here and there they are covered with silicious sand, and have thus 
been protected from the influence of the weather ; but in other places, they have lain 
open to the action of light, air, and water, which have produced important changes 
upon them. Fresh guano is of a whitish or very pale drab color, but it becomes pro- 
gressively browner and browner by the joint influence of the above three atmospheri- 
cal agents. Only one guano examined by Fourcroy and Vauquelin was found to con- 
tain a fourth of its weight of uric acid combined with ammonia, whence that appears 
to have been well selected by Baron Von Humboldt. They also found phosphates of 
ammonia, of lime, with urate and oxalate of ammonia, and some other constituents of 
little value in agriculture. Klaproth's analysis reported 16 per cent, of urate of anmio- 
nia, no less than 12*75 of oxalate of lime, 10 of phosphate of lime, 32 of clay and sand, 
with 28*75 of water and indeterminate organic matter. From the great proportion of 
day and sand, Klaproth's sample of guano was obviously not genuine. I have met 
witii no specimen of Peruvian guano that contained any appreciable quantity of clay, 
and none that contained above 4 or 5 per cent, of silicious sand. 

To Mr. Bland, of the firm of Messrs. Myers and Co., I am indebted for the following 
valuable information : — 

The Chincha islands, which afibrd the best Peruvian guano, are three in number, and 
fie in one line from north to south, about half a mile apart. Each island is from five to 
six miles in circumference, and consists of granite covered with guano in some places to 
a height of 200 feet, in successive horizontal strata, each stratum being from 3 to 10 
inches thick, and varying in color from light to dark brown. No earthy matter 
whatever is mixed with this vast mass of excrement. At Mr. Bland's visit to these 
islands in 1842, he observed a perpendicular surface of upward of 100 feet of perfectly 
uniform aspect from top to bottom. In some parts of these islands, however, the deposite 
does not exceed 3 or 4 feet in thickness. In several places, where the surface of the 
guano is 100 feet or more above the level of the sea, it is strewed here and there with 
masses of granite, like those from the Alpine mountains, which are met with on the slopes 
of the Jura chain. These seem to indicate an ancient formation for the guano, and ter- 
raqueous convulsions since that period. No such granite masses are found imbedded 
within the guano, but only skeletons of birds. 

The good preservation of the Chincha guano is to be ascribed to the absence of rain ; 
which rarely, if ever, falls between the latitude of 14° south, where these islands lie, 
about 10 miles from the main land, and the latitude of Paquica, on the island of Bo- 
fivia, in 21° S. L. By far the soundest cHrgoes of guano which I have analysed have 
come from Chincha and Bolivia. Beyond these limits of latitude where rain falls in 
greater or less abundance, the guano is of less value — and what has been imported from 
Chili has been found by me far advanced in decay — most of the ammonia and azotised 
animal substances having been decomposed by moisture, and dissipated in the air (by the 
eremacausis of Liebig), leaving phosphate of lime largely to predominate along with 
effete organic matter. The range of the American coast from which the guano is taken 
must therefore be well considered ; and should not extend much beyond the Chmcha 
idands as the northern limit, and Paquica, in Bolivia, as the southern. 

The relative estimation of guano and nitrate of soda among the Peruvians is well 
shown by the following fact communicated to me by Mr. Bland : " Near the coast of 
Peru, about 45 miles from Iquique (the shipping port of guano) there is the chief deposite 
of nitrate of soda. The farmers, who collect and purify this natural product, carry it 
to the place of shipment, and always require to be paid in return with an equivalent 
quantity of guano, with which they manure their land, to the exclusion of the far 
dieaper nitrate of soda. We can not be surprised at this preference, when we learn 
that in the valley of Chancay, about 40 miles distant from Lima, the soil produces, 
when farmed with irrigation in the natural way, a return upon maize of only 15 for 1 ; 
whereas, with the aid of guano, it produces 500 for 1 ! Hence the Peruvian proverb : 
Huano, though no saint, works many miracles. 

In the pamphlet recently published by Messrs. Gibbs and Myers, entitled " Peruvian 
aoftd Bolivian Guano, its nature, properties, and results," we have a very interestii^ 
▼iew <^ the best established facts with regard to its operation and effects upon 
every variety of soil, and in every variety of circumstance, as ascertained by the i 
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inteUigent agricnltiirists of the United Kingdom. The general conclusion that may 
be fairly deduced from the whole evidence is, that good guano will, under judiciouf 
application, increase the crops of grain, turnips, potatoes, and grass, by about 33 per 
cent. ; and with its present price of 10/. per ton, at a cost considerably under the aver- 
age cost of all other manures, whether farm-yard dung and composts, or artificial com- 
pounds. Guano is, moreover, peculiarly adapted to horticultural and floricultural im- 
provement, by its relative cleanliness and facility of application. 

The following observations upon guano, by Dr. Von Martins, of Munich, addressed 
to the agricultural society of Bavaria, deserve attention. Among animal manures, 
Sliys he. it clearly claims the first place. It is uncommonly rich in ammoniacal salts, 
which act very favorable on vegetation. The ease with which these salts are decon^ 
posed, and exhale their ammonia into the air, is by him assigned as the reason why 
plants manured with guano generally present early in the morning accumulations of 
dew on the points of their leaves. The guano absorbs the atmospheric vapor, as weU 
as carbonic acid ; whereby it becomes so valuable a manure in dry barren regions. If 
we compare guano with other excrementitious manures, we shall find it far preferable 
to those afibnled by man or other mammalia, which do not generally contain more than 
20 per cent, of food that can be appropriated by plants. It is therefore five times better 
than night-soil, and also very superior to the French poudreite^ which, being dried night- 
soil, loses, through putrefaction and evaporation, the greater proportion of its ammonia- 
cal elements. In birds, the excretions both of the kidneys and intestines are contained 
in the cloaca ; whereby the volatile elements of the former get combined with the more 
fixed components of the latter. The guano is also a richer manure, on account of its 
being produced by sea-fowl, which live entirely on fish, without admixture of vegetable 
matter. The exposure also of the guano as soon as deposited to the heat of a tropical 
sun, in a rainless climate, prevents the components from fermenting, and mumrn^a 
them, so to speak, immediately into a concrete substance not susceptible of decomposition 
till it gets moisture ; whereas the dung of our dove-cotes sufiiers a considerable loss by 
e;[posure to our humid atmosphere. But in their action on vegetation, and in their 
chemical composition, these two bird excrements are analogous. Davy found in fresh 
dove-cote manure 23 parts in 100 soluble in water, which yielded abundance of ear« 
bonate of ammonia by distillation, and lef^ carbonaceous matter, saline matter, princi- 
pally common salt, and carbonate of lime as a residuum. Pigeons' dung readily fer- 
ments, but ai^er fermentation afforded only 8 per cent, of soluble matter, which gave 
proportionably less carbonate of ammonia in distillation than the dung recently voMed. 
Dr. Von Martins proceeds to compare the proportion of soluble salts in guano and 
pigeons' dung, and thinks that by that comparison alone he can establish the superiority 
of the former ; but he should have considered that the insoluble urate of ammonia, 
which is so powerful and copious a constituent of good guano, and is present in much 
smaller proportion in pigeons' dung, is sufficient of itself to turn the balance greatly in 
favor of the Peruvian manure. His general estimate, however, that the manuring power 
of genuine guano is four times greater than that of pigeons' dung, is probably not wide 
of the truth. Besides the above-mentioned constituents, guano derives no small por- 
tion of its fertilizing virtue from the great store of phosphoric acid which it contains, 
in various states of saline combination, with lime, magnesia, and ammonia. Of all the 
principles furnished to plants by the soil, the phosphates are, according to Liebig, the 
most important. They afford, so to speak/ the bones and sinews of vegetable bodies, while 
ammonia supplies them with their indispensable element, azote. Their carbon, hydrogen, 
and oxygen, are derived from the air and water. Those products of vegetation which 
are most nutritious to man and herbiverous animals, such as bread-corn, beans, peas, and ''• 
lentils, contain the largest proportion of phosphates. The ashes of these vegetable 
substances afford no alkaline carbonates. A soil in which phosphates are not present, 
is totally incapable of producing the above cereals. Agreeably to these views, Liebig 
believes that the importation of 1 cwt. of guano is equivalent to the importation of 8 
cwts. of wheat ; so that 1 cwt. of that manure assumes, with due culture*, the form of 
8 cwts. of substantial food for man. 

Since all these testimonies concur to place this remarkable excrementitious product in 
such high estimation, it becomes a paramount duty of the chemist to investigate its com- 
position, and to discover certain means of distinguishing what may be termed the sound 
or normal state of guano, from the decomposed, decayed, and effete condition. The 
analysis by Fourcroy and Yauquelin of a sample of guano presented to them by Baron 
Yon Humboldt, gave the following composition in 10^ parts : — 

Urate of ammonia ...... 9-0 

Oxalate of ammonia ...... ]0*6 

Oxalate of lime ...... y.Q 

Phosphate of ammonia • . • . • 6*0 
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Phosphate of ammonia and magnesia - . . - 2*6 

Sulphate of potash ...... 5*5 

soda .----- 3*3 

SaJ ammoniac ------- 4*2 

Phosphate of lime ---,.- 14«3 

Clay and sand ..--,. 4*7 

Water and organic matters ----- 32*3 

How different are these constitnents from those assigned by Elaproth — ^a no less skil- 
fal analyst than the French chemists ! and how much this difference shows not only the 
complexity of the substance, but its very variable nature ! 

The general results of an analysis by Professor Johnston, published in his paper on 
guano, in the 3d part of the 2d vol. of the Journal of the Royal Agricultural Society 
of England, are as follows : — 

Ammonia -.,--..- 7«o 

Uric acid ,------ 0-8 

Water and carbonic and oxalic acids, &.C., expelled by a red heat 51*5 

Common salt, with a little sulphate and phosphate of soda - 11*4 

Phosphate of lime, &-c, . - - - , 29*3 

100*0 

, The specimen of guano repiresented by this analysis must have been far advanced in 
decomposition, as shown by the very scanty portion of uric acid ; and must have been 
originally impure {spurious f) from the large proportion of conmion salt, of which I have 
not found above 4 or 5 per cent, in any of the genuine guanos which I have had oc- 
casion to analyze. In another sample, Professor Johnston found 44*4 of phosphate of 
Hme, with a little phosphate of magnesia, and carbonate of lime. These results resemble^ 
to a certain degree, those which I have obtained in analyzing several samples of Chilian 
and African guanos, especially in the predominance of the earthy phosphates. The propor- 
tion of ammonia which can be extracted by the action of hydrate of soda and quicklime, 
at an elevated temperature, is the surest criterion of the soundness of the guano ; for by 
this pr6cess we obtain not only the ready-formed ammonia, from its several saline 
compounds, but also the ammonia producible from its uric acid, and undefined animal 
matter. These two latter quantities have been hitherto too little regarded by most 
apalysts, though they constitute the most durable fund of azote for the nutrition of 
plants. Uric acid, and urate of ammonia, which contains 10 llths of uric acid, being 
both nearly insoluble in water, and fixed at ordinary temperatures, continue to give out 
progessively to plants in the soil, the azote, of which they contain fully one third of 
their weight. Under the influence of oxygen and a certain temperature, uric acid 
passes through a very remarkable series of transformations ; producing allantoin, urea, and 
ozfdic acid, which eventually becomes Carbonic acid. These changes are producible imme- 
diately by the action of boiling water and peroxide of lead. From these metamorphoses, 
we can readily understand how so much oxalate of ammonia and of lime is reported in 
many analyses of guano, though none, I believe, is to be found in the normal state, as it 
ia occasionally imported from the Chincha islands and Bolivia ; nor were any oxalates 
found in the dung of the gannet, as analyzed by Dr. WoUaston, or of the sea-eagle, 
according to the following analysis of Coindet : ammonia, 9*21 per cent. ; uric .acid» 
84*65 ; phosphate of lime, 6*13 = 100. The Peruvian sea-fowl, by feeding exclusively 
on fish, would seem to swallow a large proportion of earthy phosphates ; since, in the 
purest guano that has come in my way, I have found these salts to amount to from 10 
to 15 per cent. 

Dr. Von Martius proposes to use the degree of solubility of the guano in water as a good 
criterion of its quality ; but this is a most fallacious test. Sound guano contains from 15 
to 25 per cent, of insoluble urate of ammonia ; nearly as much undefined animal matter, 
along with from 15 to 20 of earthy phosphates, leaving no more than 50 or 55 per cent, 
of soluble matter, exclusive of moisture ; whereas decayed guano yields often 60 or 70 
per cent, of its weight to water, in consequence of the uric acid and animal matter 
being wasted away, and the large portion of moisture in it, the latter amounting very 
often to from 25 to 35 per cent. The good Peruvian guano does not lose more than 
from 7 to 9 per cent, by drying, even at a heat of 212** F. ; and this loss necessarily 
includes a little ammonia. Each analysis of guano executed for the information of the 
farmer should exhibit definitely and accurately to at least 1 per cent. : — 

1. The proportion of actual ammonia. 

2. The proportion of ammonia producible also from the uric acid and azotized 
animal matter present ; and which may be called the potential anunonia. This is a 
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most Tahiable prodact, which is, however, to be obtained only from wdl-preserved dry 
gnano. 

3. The proportion of nric acid, to which, if 1 10th of the weight be added, the qoan- 
tity of urate of ammonia is given. 

4. The proportion of the phosphates of lime and magnesia. 

5. The proportion of fixed alkaline salts, distinguishing the potash from the soda 
salts ; the former being more valuable, and less readily obtainable, than the latter et^ar 
be by the ase of common salt. Wheat, peas, rye, and potatoes, require for their success 
fol cultivation, a soil containing alkaline salts, especially those of potash. 

6. The proportion of sandy or other earthy matter, which, in genuine guano, care- 
fully collected, never exceeds 2 per cent, and that is silica. 

7. The proportion of water, separable by the heat of 212^ F. 

The farmer should never purchase guano except its composition in the preceding 
particulars be warranted by the analysis of a competent chemist. He should cork vp 
in a bottle a half-pound sample of each kind of guano that he buys ; and if his crop 
shall disappoint reasonable expectation, he should cause the samples to be analyzed; 
and should the result not correspond to the analysis exhibited at the sale, he is fairly 
entitled to damages for the loss of his labor, rent, crop, &c. The necessity of follow- 
ing this advice will appear on considering the delusive if not utterly false analyses, 
under which cargoes of guano have been too often sold. In a recent case which came 
under my cognizance, in consequence of having been employed professionally to analyze 
the identical cargo, I found the guano to be nearly rotten and effete ; containing alto- 
gether only 2i per cent, of ai^monia, | per cent, of urate of ammonia, nearly 9 of sea 
salt, 24 of water, and 45) of earthy phosphates. Now, this large cargo, of many 
hundred tons, fetched a high price at a public sale, under the exhibition of the follow- 
ing analysis by a chemist of some note : — 

Urate of ammonia, ammoniacal salts, and decayed animal matter 17*4 

Phosphate of lime, phosphate of magnesia, and oxalate of lime - 48* 1 

Fixed alkaline salts 10*8 

Earthy and stony matter -------- 1*4 

Moisture 22-3 

100-0 

The purchasers, I was told by the broker, bought it readily under a conviction that 
the guano contained 17*4 of ammonia, though the proportion of ammonia is not stated, 
but merely mystified, and adroitly confounded with the decayed animal matter. 

By the following hypothetical analysis, much guano has been well sold : — 

<< Bone earth, 35 ; lithic acid, &c., 15 ; carbonate of ammonia, 14 ; organic matter, 36 
= 100." I am quite certain that no sample of guano can contain 14 per cent, of carbonate 
of ammonia — a very volatile salt. We shall see presently the state of combination In 
which the ammonia exists. It may contain at the utmost 4 or 5 per cent, of the carbo- 
nate ; but such guano must .have been acted upon powerfully by humidity, and wiU 
therefore contain little or no uric acid. 

In the very elaborate examination of guano by T. Oellacher, apothecary at Inna> 
bruck, published in a recent number of Buchner's Repertorium of Pharmacy, it is said, 
that if a glass rod dipped into muriatic acid be held over guano, strong fumes are de- 
veloped ; and the solution of guano has an alkaline reaction with litmus-paper. These 
phenomena evidently indicate the presence of carbonate of ammonia, and of course a 
partially decomposed guano ; for sound Chincha and Bolivian guanos have an acid re- 
action, proceeding from the predominance of phosphoric acid. Farmers frequently 
judge of the goodness of guano by the strength of the ammoniacal odor ; but in this 
judgment they may egregiously err, for the soundest guano has no smell of ammonia 
whatever ; and it begins to give out that smell only when it is more or less decomposed 
and wasted. 

Oellacher could find no evidence of urea in his guano ; I have obtained fully 5 per 
cent, of this substance from good Peruvian guano. 

I shall now describe my o^n system of analysis : — 

1. In every case I determine, first of all, the specific gravity of the guano ; which I 
take by means of spirits of turpentine, with a peculiar instrument contrived to render 
the process easy and precise. If it exceeds 1*75 in density, water being 1*0, it must 
contain sandy impurities, or has an excess of earthy phosphates, and a defect of azotized 
animal matter. 

2. I triturate and digest 200 grains of it with distilled water, filter, dry the insoluble 
matter, and weigh it. 

3. The above solution, diffused in 2,000 gr. measures, is examined as to its specific 
gravity, and then with test paper, to see whether it be acid or alkaline. 
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4. One half of this solution is distilled along with slaked lime in a matrass eonneeted 
with a small quintuple globe condenser, containing distilled water, and immersed in a 
, basin of the same. As the condensing apparatus terminates in a water-trap, no part 
of the ammonia can be lost ; and it is all afterward estimated by a peculiar meter, whose 
indications make manifest one hundredth part of a grain. 

.6. The other half of the solution is mixed with some nitric acid, and divided into 3 
equal portions. 

a, the first portion, is treated with nitrate of barytes, and the resulting sulphate of 
barytes is collected, ignited, and weighed. 

b^ the second portion, is treated with nitrate of silver, and the resulting chloride of 
silver ignited and weighed. 

c, the third portion, has a certain measure of a definite solution of ferric nitrate mixed 
with it, and then ammonia in excess. From the weight of the precipitated subphosphate 
of iron aAer ignition, the known amount of oxide used being deducted, the quantity of 
phosphoric acid in the soluble portion of the guano becomes known. 

df the three above portions are now mixed, freed by a few drops of dilute sulphuric 
and hydrochloric acids from any barytes and silver left in them, and then tested by 
Bitrate of lime for oxalate of ammonia. The quantity of oxalate of lime obtained, de- 
termines that point. 

6. ^he last liquor filtered, being freed from any residuary particles of lime by oxalate 
of ammonia, is evaporated to dryness and ignited, to obtain the fixed alkaline matter. 
This being weighed, is then dissolved in a little water, neutralized with acid, and treated 
with soda-chloride of platinum. From the quantity of potash-chloride of platinum, which 
precipitates, after being filtered, dried, and weighed, the amount of potash present is 

-deducted — the rest is soda. These bases may be'assigned to the sulphuric, hydro-chloric, 
and phosphoric acids, in proportions corresponding to their respective affinities. 

7. The proportion of organic matter in the above solution of guano, is determined 
directly by evaporating a certain portion of it to dryness, and igniting. The loss of 
weight, minus the ammonia and oxalic acid, represents the amount of organic matter. 

8. A second portion of a solution of the guano is evaporated to dryness by a gentle 
steam heat, weighed, enclosed in a stout well-closed phia] along with alcohol of 0*825, 
and heated to 212^. After cooling, the alcoholic solution is decanted or filtered clear, 
evaporated to dryness by a gentle heat, and weighed. This is urea, which may be tested 
by its conversion into carbonate of ammonia, when heated in a test tube or sinall retort. 
In this way, I have obtained from Bolivian guano, 5 per cent, of urea ; a certain proof 
of its entire soundness. 

9. Analysis of the insoluble matter. One third of it is digested with heat in abundance 
of Boraxrwater, containing ^i^ of the salt, filtered, and the filter dried by a steam heat. 
The loss of weight indicates the amount of uric acid, which is verified by supersaturating 
the filtrate with acetic or hydrochloric acid, thus precipitating the uric acid, throwing it 
upon a filter, drying, and weighing it. This weight should nearly agree with the above 
loss of weight, the small difference being due to soluble organic matter, sometimes called 

feine and ulmic acid. The uric acid is evidenced, 1, by its specific gravity, which I 
nd to be only i'25, as also that of the urate of ammonia ; 2, by its affording fine purple 
.mufezide when heated in a capsule along with nitric acid, and then exposed to the vapor 
of ammonia from a feather held over it ; 3, by its dissipation when heated, without 
emitting an empyreumatic odor. 

10. Another third of the solid matter is distilled along with half its weight of slaked 
.time, and 10 times its weight of water, in the apparatus already described, and the am- 
, monia obtained from it estimated. 

11. The remaining third having been ignited, is digested with a gentle heat in weak 
hydrochloric acid, and the undissolved silica and alumina washed on a filter, dried, and 
weighed. To the hydrochloric solution, dilute sulphuric acid is added, and the mixture 

,is heated till all the hydrochloric acid be expelled, with the greater part of the water. 
Alcohol of 0*860 is now poured upon the pasty residuum, and the whole, after being well 

.stirred, is thrown upon a filter. The phosphoric acid passes through, as also the magnesia 
in union with sulphuric acid. The sulphate of lime, which is quite insoluble in spirits 
of wine, being washed with them, is dried, ignited, and weighed. From the weight of 

.sulphate of lime, the quantity of phosphate of that earto, that was present, becomes 

.known. 

12. Ammonia in excess is now added to the filtrate, which throws down the granular 
; phosphate of ammonia and magnesia. After washing and drying this powder at a heat 

of 150^, its weight denotes the quantity of that compound in the guano. 

13. To the filtered liquor (of 12), if a little ammonia be added, and then muriate of 
magnesia be slowly dropped in, phosphate of ammonia and magnesia will precipitate, 

Jkom the amount of which the quantity of phosphoric acid may be estimated. 

14. The proportion of oxalate of lime is determined by igniting the washed residuum 
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<of 9) and plaeimg it in an apparatus for estinftttiiig the quantity of carbonic acid givta 
off in dissolving carbonate of lime. The apparatus, either fig. 1 or 2^ described in nf 
little Treatise on Alkalimetry, will serve that parpose welL I have rarely obtained 
more than | gr. of carbonic acid from the insoluble residuum of 100 gr. of good guano^ 
and that corresponds to less than 1| per cent, of oxalate of lime in the guano. Some- 
times no effervescence at all is to be perceived in treating the washed residuum with 
acid after ignition. 

15. The carbonate of ammonia in guano is readily determined by filtering the solution 
of it in cold water, and neutralizing the ammonia with a test or allodimetrical add. 
(See the Treatise on Alkalimetry, above referred to.) 

16. Besides the above series of operations, the following researches must be made to 
complete our knowledge of guano. The insoluble residuum (of 10) which has been 
deprived by two successive operations of its uric add and ammonia, may contain az»- 
tized organic matter. It is to be therefore well dried, mixed with 6 times its weight of 
the usuaJ mixture of hydrate of soda and quicklime, and subjected to gentle ignition in 
a glass or iron tube closed at one end, and connected at the other with an ammonia 
condensing apparatus. The amount of ammonia being estimated by a proper ammonia 
meter, represents the quantity of azote, allowing 14 of this element for 17 of ammonia, 
being the potential ammonia corresponding to the undefined animal matter. In a sample 
of Peruvian guano I obtained 6 per cent, of ammonia from this source. 

17. The whole quantity of ammonia producible from guano is to be determined hf 
gently igniting 25 gr. of it well dried, and mixed with ten times its weight of the mix- 
ture of hydrate of soda and quicklime (2 parts of the latter to 1 of the former). The 
ammonia disengaged is condensed and measured, as described above. 

18. «The ready-forovd ammonia is in all cases determined by distilling a mixture of 
100 gr. of it with 50 gr. of slaked lime, condensing the disengaged ammonia, and esti- 
mating it exactly by the meter. 

19. The relation of the combustible and volatile to the incombustible and fixed con- 
stituents of guano, is determined by igniting 100 gr. of it in a poised platinum capsule. 
The loss of weight denotes the amount of combustible and volatile matter, including 
the moisture, which is known from a previous experiment. 

20. The insoluble matter is digested in hot water, yirown upon a filter, dried, and 
weighed. The loss of weight is due to the fixed alkalme salts, which, after concentra- 
ting their solutions, are investigated by appropriate tests : 1, nitrate of barytas for the 
sulphates ; 2, nitrate of silver for the chlorides and sulphates; and 3, soda-chloride of 
platinum, for distinguishing the potash from the soda salts. 

21. The insoluble matter (of 20) is digested with heat in dilute nitric or hydro- 
chloric acid, and the whole thrown upon a filter. The silica which remains on the 
filter is washed, ignited, and weighed. The lime, magnesia, and phosphoric acid, may 
be determined as already pointed out. 

22. I have endeavored to ascertain if muriate of ammonia be present in guano, by 
evaporating its watery solution to dryness, and subliming the residuum, but I have 
never obtained a satisfactory portion of sal ammoniac ; and therefore I am inclined to 
think thgre is little of it. The quantity of chlorine to be obtained from guano is too in- 
considerable to lead to a suspicion of its presence, except in combination with sodium 
and potassium. Phosphate of soda is also a doubtful product — but if present, it maybe 
obtained from the saline matter (of 20), by acidulating it with nitric acid ; precipita- 
ting first with nitrate of barytes, next with nitrate of silver, taking care to use no ex- 
cess of these two re-agents, then supersaturating the residuum with ammonia, and ad- 
ding acetate of magnesia, when the characteristic double phosphate of this earth should 
fall, in case phosphate of soda be present. 

By the preceding train of researches, all the constituents of this complex product may 
be exactly disentangled and estimated ; but they manifestly require much care, patience,^ 
time, and dexterity, and also a delicate balance, particularly in using the appropriate' 
apparatus for generating the potential ammonia, and for measuring the whole of this 
volatile substance separated in the several steps of the process. It may be easily im- 
agined how little confidence can be reposed in many of the analyses of guano, framed, 
I fear, too often with the view of promoting the sale of an indifferent or e^n spurious 
article of commerce. 

A. I shall now give in detail my analytical results upon three different samples at 
a good South American guano ; and next the general results upon three samples of 
African and Chilian guanos : — 

I. Guano from Bolivia, imported by the Mary and Anne. This sample was taken 
by myself, as an average out of several bags in the lighter, before the cargo was landed. 
Pale yellow brown color, dry, partly pulverulent, partly concreted, in small lumps, 
with a few small fragments of granite interspersed, and which, being obvious, were 
• separated prior to the analysis. Specific gravity of the pulverulent portion without 
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ihe gnnite, 1.60; of the coneretionfl, 1*66; mean 1*63. Water jdigested on the ipimer 
portion is nentral to litmus, that on the latter is faintly acid. 

2. 100 parts lose 6*5 by the heat of boiling water, and exhale no ammonia. When 
digested and triturated with cold water, 30*5 parts dissolve, and 69*5 are obtained after 
diying, at 212? F. Of those 30*5 parts, 6*5 are therefore water, easily separable, and 
24*5 parts are solid matter. 

3. 100 parts, mixed with 9 times their weight of water, and 50 of lime, being distiUed 
in an alembic connected with the five-globe condenser, &c., afforded exactly 4*2 of am- 
monia. 20 grains in fine powder, along with 200 of a mixture, consisting of 2 parts of 
dry lime and 1 of hydrate of soda, were gently ignited in a combustion-tube connected 
with the ammonia-condensing apparatus, and they produced 4*25 grains of ammonia — 
equivalent to 21*25 from 100 grains of the guano. Thus only 4*2 per cent, of ammonia 
were ready formed ; while 17*05 lurked, so to speak, in their azotized elements. 

From its aspect, and its want of ammoniacal odor, this guano, the first cargo re- 
ceived from Bolivia, was imagined by the importers to be of bad quality ; and, accord- 
ingly, my very favorable report of its analysis surprised them not a little^ and ratho' 
' unsettled the little faith they at that time (January, 1843) had in chemistry. But about 
a fortnight after the date of my report they received a letter from Peru, apprizing them 
of the excellence of that cargo of Bolivian guano, and of its being prized by the Ameri- 
cans, as possessing fertilizing powers in a pre-eminent degree. I consider this guano, 
therefore, as a type of the substance in its best state. 

II. The soluble matter was analyzed, in the manner already detailed, and was found 
to consist of— 

1. Urea 5*00 

2. Sulphate of potash - - - * 7*90 

3. Chloride of sodium - - - 5*00 

4. Biphosphate of ammonia - - 5*50 

5. Oxalate of ammonia - - - 0*60 

24*0 

In these ammoniacal salts there are only 1*65 parts of ammonia; but I obtained 2*55 
grains in distilling the soluble matter of 100 grains of the guano. The remaining 0*9 
parts, therefore, must have proceeded from the partial decomposition of the urea dunog 
the long ebullition necessary to extract every particle of ammonia, in distilling the 
guano along with lime. 

m. The ifisolitble matter ==69*5 parts, was found to consist of— 

1. Silica 2*26 

2. Subphosphate of lime ----- 9*00 

3. Phosphate of magnesia and ammonia - - - 1*25 

4. Urate of anmionia ------ 15*27 

5. Undefined azotized organic matter, affording, with the 14 parts 

of uric acid, by ignition with hydrate of soda, 17*05 parts 

of ammonia --.-.. 41*73 



69*50 



This result as to the large proportion of organic matter in the dried insoluble residu- 
um was verified by igniting a given quantity of it, when it was found to lose, out of 
69*5 parts, 57 ; corresponding to the 15*27 urate of ammonia, 41*73 of undefined organic 
matter, and 0*08 of ammonia, in the double magnesian phosphate. In the urate and 
double phosphate are 1*35 of ammonia, which, with the 2*55, make 3*9 parts ; the other 
0*3 parts may be traced to the urea. 

As these results differ very considerably in many respects from those of the analyses 
made by respectable German chemists, I was careful to verify them by manifold varia- 
tions of tift process, as follows : — 

1. The soluble matter, with acid reaction, of 100 parts of the lumps of the Bolivian 
guano, was examined by per-acetate of iron and ammonia, for phosphoric acid, and 
afforded 4 parts of it, which is more than had been found in the neutral pulverulent 
guano. After the phosphoric acid was separated by that method, chloride of calcium 
gave no cloud with the filtered liquor, proving that no oxalic acid was present in these 
nodules. The washed insoluble matter, when gently ignited, and treated with dilute 
nitric acid, afforded no effervescence whatever, and therefore showed that no oxalate of 
lime had been present, for it would have become a carbonate. 

It is necessary to determine from time to time the quantity of ferric oxide in the 
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seetate or nitrate, as it is liable to be deposited from the tolatioii when this is kept for 
some time. If this point be not attended to, serious errors would be committed in the 
estimation of the phosphoric acid. 

2. The quantity of uric acid was verified by several repetitions, and found to be 14 
per* cent. 

3. The undefined organic matter, when deprived of the uric acid by prolonged diges- 
tion with weak borax, being subjected to ignition along with hydrate of soda, yielded 
the quantity of ammonia requisite to constitute the whole sum, that producible from the 
oric acid also being taken into account. 

4. The little lumps of the guano afibrded, by distillation along with quicklime, 5*27 
per cent, of ready-formed ammonia, probably from the uric acid having been partially 
decomposed by the mbisture which had caused them to concrete. It is a curious fact, 
that the solution of borax, from being of an alkaline, becomes of an acid reaction, after 
digestion with the Bolivian guano. 

5. For distinguishing and separating the soda salts from those of potash, I tried the 
antimoniate of potash, according to Wack^nroder's prescription, but I found reason to 
prefer very much the crystallized soda-chloride of platinum, for that purpose. 

From another specimen of the Bolivian guano, I extracted 3*5 per ct. of the ammonia^ 
phosphate of magnesia. 

B. A sample of guano from the Chincha islands, of nearly the same light color as 
the preceding, and the same dryness, being an early importation of 250 tons in the 
present year, was subjected by me to a careful analysis. 

1. The solution in water of this guano had an alkaline reaction from carbonate of 
ammonia, which, being neutralized by test acid, indicated 0*34 per cent.. of ammonia, 
equivalent to about 1 of the smelling sesqui-carbonate. 

2. Of this guano, 47 per cent, were soluble in water, and 53 per cent, remained, after 
drying at a heat of 212^ F. Of the above 47 parts, 8*5 were moisture in the guano. 

3. The solution being acidulated with nitric acid, was treated with acetate of barytes, 
in a quantity equivalent to the sulphuric acid present, and it afforded 12 parts of sul- 
phate of barytes. With the filtered liquor, 700 water grain measures of ferric acetate 
were mixed, and then anmionia in excess ; 18*5 parts of washed and ignited sub-phosphate 
of iron were obtained, from which deducting 8*8 parts present in the acetate, 9*7 re- 
main as the quantity of phosphoric acid ; but 9*7 of acid produce 13*25 of bi-phos- 
phate of ammonia, which contain only 2*3 of ammonia, combined with 0*95 of water, 
or its elements. From the alkaline excess in the guano, there can be no doubt, how- 
ever, that it contained the sub-phosphate {found in the urine of Camivora), and not the 
bi-phosphate of that base. In this caae, 9*7 of acid produce 14*32 of dry saline com- 
pound, containing 4*62 of ammonia, which, with the 0*34 of anmionia in the carbonate, 
constitute a sum of 4*96. To the liquor freed from the phosphate of iron, and acidu- 
lated with nitric acid, acetate of lime being ^dded, 3*33 parts of oxalate of this base 
were obtained, which are equivalent to 3*23 oxalate ammonia, containing 0*89 of am- 
monia. 

4. Nitrate of silver now produced from the filtered residual solution 8 parts of chlo- 
ride, corresponding to nearly 3 of sal ammoniac, which contain nearly 0*95 of ammonia. 

5. The 53 parts insoluble in water were digested with weak solution of borax at a boil- 
ing heat, thrown on a filter, and the uric acid being precipitated from the filtrate by 
means of a little hydrochloric acid, washed and dried, was found to weigh 13*5 parts. 
There were left on the filter 36*5 parts, dried at 212° F., so that 3 parts of soluble or- 
ganic matter had passed through the filter. These 36*5 parts lost by ignition only 9*7 
parts in organic matter, became white, and afibrded a very faint effervescence with 
hydro-chloric acid, showing that a very little oxalate of lime had been present. 1*25 
parts of silica were left after the action of the acid. To the solution of the 26*55 parts, 
sulphuric acid was added, and the mixture being heated to expel the hydro-chloric acid 
and the excess of the sulphuric, the residuar)' matter was digested and washed with di- 
lute alcohol, and thrown on a filter ; the solution of magnesia passed through, while the 
sulphate of lime remained. After ignition, this weighed 27*5 parts, equivalent to 22 of 
sub-phosphate of lime. On supersatifrating the filtrate with anmionia, 4*5 parts of the 
magnesian ammonia phosphate were precipitated, containing 0.32 of ammonia. With 
the 13*5 parts of uric acid, 1*23 of ammonia had been originally combined, forming 14*73 
of urate. 

6. 25 grains of the dry guano afforded, by ignition in the combustion-tube along with 
200 grains of the mixed lime and hydrate of soda, 4*165 of ammonia, which correspond 
to 16*66 in 100 parts of the dry, or to 15*244 in the natural state; leaving therefore 5 
parts for the quantity of potential ammonia, or of ammonia producible from the de- 
composition of its azotized organic matter. This guano is, therefore, well adapted to 
promote permanently the fertility of a soil. It yields besides to alcohol a notable 
quantity of urea, which I did not think it worth while to determine quantitively, and 
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'fioai wfaicli undoobtedly a pionieii of the ammonia proceeded, in the ^istillatioti ivith 
milk of Ume. 

7. 100 parts afforded by distUlation with milk of lime, 10*2 of ammonia. 

8. llie total constituents of that gnano, being tabalated, are— 

I. Matter soluble in water - - - 47*00 

consisting of— 

Ammonia* 

1. Sulphate of potash, with a little sulphate of sOda - 6*00 

2. Muriate of ammonia - - - - 3*00 0.95 

3. Phosphate of ammonia .... 14*32 4*62 

4. Sesqui-carbonate of ammonia ... 1*00 0*34 

5. Sulphate of ammonia .... 2*00 0*50 

6. Oxalate of ammonia .... 3*23 0*89 

7. Water 8-50 

8. Soluble oqifanic matter and urea - - - 8*95 

47-00 
II. Matter insoluble in water - - 53*00 



consisting of— 



Silica 1*25 

. . Undefined organic matter .... 9*52 

3. Urate of ammonia - . - . . 14*73 1*23 

4. Oxalate of lime ..... i-oo ? 

5. Sub-phosphate of lime - - . , 22-00 

6. Phosphate of magnesia and ammonia > - 4*50 0*32 

53*00 * 9*80 



The remaining 1,25 of actucU ammonia may be fairly traced to the partial decomi)08i- 
tion of the urea during the distillation with lime ; whereas the 5 per cent, of potential 
ammonia proceeded from the transforming decomposition of the uric acid. 

C. Foliated guwno, from Peru, in caked pieces, the layers very thin, parallel, and in- 
terspersed with white streaks. This guano was somewhat dense for a pure specimen, 
having a specific gravity of 1*7. The insoluble matter afforded by digestion with borax 
water, no less than 25*2 perct. of pale yellow uric acid; 9 of other combustible organic 
matter, and 15 of earthy matter; consisting of silica, 3*5 ; phosphate of magnesia and 
^mmonia, 6*5 ; and only 5 of sub-phosphate of lime or bone earth. It lost 10 per cent 
when dried in a heat of 212° F. The remaining 30*8 parts soluble in water, had a 
strong acid reaction, and afibrded, by ferric acetate and ammonia, 6 of phosphoric acid, 
equivalent to 9*7 of crystallized bi-phosphate of ammonia, after acetate of barytes had 
separated the sulphuric acid. No less than 17 parts of chloride of silver were obtained, 
by precipitating with nitrate of silver the liquor filtered from the phosphate of iron, and 
acidulated with nitric acid. As the present is an accidental sample, and not an average 
of any importation, I did not prosecute the research further. 

I). Chincha guano, of a somewhat darker color than the preceding, and alkaline re- 
action ; specific gravity, 1*62. Digested with water and strained, 56*75 parts remained 
after drying it at 212^^ F. The solution, evaporated and dried also at 212°, afforded 
31'25 of saline matter. This saline mass being mixed with four fifths of its weight of 
slaked lime, nine times its weight of water, and distilled, afforded of ammonia 14*28 
pCT cent. Some chemists have prescribed potash instead of lime, for separating the am- 
monia in distillation ; but no person of intelligence who has made the experiment once 
will choose to repeat it, because the potash forn^ with the organic matter of theguaDO 
a viscid compound, that froths up like a mass of soap-bubbles, and coming over with 
the vapors, obstructs and vitiates the result. 

2. When dried altogether by a steam heat, 100 parts lost 12 in moisture ; whereas by 
evaporating and drying the soluble matter by itself, the loss amounted to 16*3, no 
doubt by the dissipation of some of the ammoniacal salts ; for 100 parts of the entire 
guano afford, by distillation with quicklime, 9 parts of ammonia, and by the trans- 
forming decomposition with hydrate of soda and lime, 16*25, indicating 7*25 of potential 
ammonia, in addition to the 9 of ready foi;med. The insoluble matter of 100 parts 
afibrded to borax-water a solution containing 16*5 of uric acid, corresponding to 18 of 
urate of ammonia. There remained on the filter, after drj^ing it at 212° F., only 33*8 
parts; so that about 5 parts of soluble organic matter had passed through the filter in 
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the borax water. Theoe 33-8 consisted of subphosphate of lime 17, iiMigiiesiui pbM- 
-phate of ammonia 5*5, silica 0*7, and combustible organic matter 10*6. 

The ammonia in the soluble portion was in the state chiefly of phosphate ; there was 
merely a faint trace of oxalate of anmionia. 

£. African Guano. — ^Among the many samples of African guano which I have had 
occasion to analyze for the importers, none has contained any appreciable quantity 
fxf uric acid, or by conaequence of potential ammonia. The best afforded nte 10 per 
cent, of ready-formed ammonia, existing chiefly in the state of a phosphate, though they 
all contain carbonate of ammonia, and have of consequence an alkaline reaction. The 
said sample contained 21*5 of moisture, separable by a heat of 212P F. Its specific 
gravity was so low as 1*57, in consequence of the large proportion of moisture in it. 
It contained 23 per cent, of subphosphate of lime, 3 of magnesian phosphate of am- 
monia, 1 of silica, and 1*5 of alkaline sulphate and muriate. The remaining 50 parts 
consisted of decayed organic matter, with phosphate of ammonia, and a little carbonate, 
equivalent to half a grain of ammonia, which is the largest quantity in such guanos. 
Other African guanos have afforded from 24 to 36 of moisture, no uric acid ; no po- 
tential ammonia ; but decayed organic matter ; from 5 to 7 of ready-formed ammonia in 
the state of phosphate, with a little carbonate ; from 25 to 35 per cent, of subphosphate 
of lime ; 5 or 6 of the magnesian phosphate of anmionia ; more or less oxalates from 
the decomposition of the uric acid, and 3 to 5 per cent, of fixed' alkaline salts. 

F. The Ckilian Guano gathered on the coast, already adverted to, contained a remarka- 
ble proportion of common salt, derived probably from the sea spray. 

The following is the general report of the chemical examination of several 
samples of guano, which I made for Messrs. Gibbs of London, and Messrs. Myers of 
Liverpool : — 

** In these various analyses, performed with the greatest care, and with the aid of the 
most complete apparatus for both inorganic and oi^anic analysis, my attention has been 
directed, not only to the constituents of the guano which act as an immediate manure, 
but to those which are admitted by practical farmers to impart durable fertility to the 
grounds. The admirable researches of Professor Liebig -have demonstrated tKat Azote, 
the indispensable element of the nourishment of plants, and especially of wheat and 
others abounding in gluten (an azotized product), must be presented to them in the state 
of ammonia^ yet not altogether ammonia in the pure or saline form, for, as such, it is 
too readily evaporated or washed away ; but in the dormant, or as one may say, in the 
potential condition in contradistinction from the actual. Genuine Peruvian and Bolivian 
guanos, like those which I have minutely analyzed, surpass very far all other species 
of manure, whether natural or artificial, in the quantity of potential ammonia, and, 
therefore, in the permanency of their action upon the roots of plants, while, in conse- 
quence of the ample store of actual ammonia xfhich they contain ready formed, they 
are qualified to give immediate vigor to vegetation. Urate of ammonia constitutes a 
considerable portion of the azotized organic matter in well-preserved guano ; it is 
nearly insoluble in water, not at all volatile, and is capable of yielding to the soil, by 
its slow decomposition, nearly one third of its weight of ammonia. No other manure 
can rival this animal saline compound. One of the said samples of guano afforded me 
no less than 17 per cent, of potential anmionia, besides 4i per cent, of the actual or 
ready formed ; others from 7 to 8 per cent, of ammonia in each of these states re- 
spectively. These guanos which I have examined are the mere excrement of birds, 
and are quite free from the sand, earth, clay, and common salt, reported in the analyses 
of some guanos, and one of which (sand) to the amount of 30 per cent. I found myself 
in a sample of guano from Chile. 

** The Peruvian guano, moreover, contains from 10 to 25 per cent, of phosphate of 
lime, the same substance as bone-earth, but elaborated by the birds into a pulpy con- 
sistence, which, while it continues insoluble in water, has been thereby rendered more 
readily absorbable and digestible (so to speak) by the roots of plants. I have there- 
fore no doubt, that by the judicious application of these genuine guanos, mixed with 
twice or thrice their weight of a marly or calcareous soil, to convert their phosphate of 
ammonia into phosphate of lime and carbonate of ammonia, as also to dilute all their 
ammoniacal compounds — such crops will be produced, even on sterile lands, as th« 
farmer has never raised upon the most improved soil by the best ordinary manure. To 
the West India planter, guano will prove the greatest boon, sir ce it condenses in a 
portable and inoffensive shape the means of restoring fertility to his exhausted cane- 
fields, a benefit it has long conferred on the poorest districts of Peru. 

*' I respectfully observe, that no analysis of guano hitherto it ade public at all ex- 
hibits the value of the cargoes referred to above, while none gives the quantity of 
Ammonia dormant in the azotized animal matter of the birds' dung, which, called into 
activity with the seeds in the soil, becomes the most valuable of its constituents, aa. » 
aoorce of perennial fertility. In the detailed account of my analyses of this compU^ 
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excretion (now preparing for publication), all the above statements will be brouglit 
within the scope of general comprehension. I shall also describe my ^ ammonia gene- 
rator,' based on the process invented in the laboratory of Professor Liebig, and also my 
* ammonia meter,' which, together, can detect and measure one hundredth part of a 
grain weight of absolute ammonia, whether potential or actual, in any sample of 
guano. 

" Meanwhile the following may be ofl'ered as the average result of my analyses of 
genuine guano in reference to its agricultural value : — 

<< 1. Azotized animal matter, including urate of ammonia, to- 
gether capable of afl'ording from 8 to 16 per cent, of 
ammonia by slow decomposition in the soil - - 50 

2. Water - - - - - - 8 to 11 

3. Phosphate of lime - - - - - 12 to 25 

4. Phosphate of ammonia, sulphate of ammonia, ammonia- 

phosphate of magnesia, together containing from 5 to 

9 parts of ammonia - - - - - 13 

5. Siliceous sand - - - - - - 1 

100 

** Very moist guano has in general more actual and less potential ammonia than the 
dry guano. 

"Andrew Ure. 
** London, 13 Charlotte street, Bedford square, 
"Jfe^ruary 14, 1843." 

Oellacher's analysis of a brownish yellow guano is as follows : — 

1. Urate of ammonia - - . 

2. Oxalate of ammonia ... 

3. Oxalate of lime .... 

4. Phosphate of ammonia ... 

5. Phosphate of ammonia and magnesia 

6. Phosphate of lime .... 

7. Muriate of ammonia ... 

8. Chloride of sodium (common salt) - 

9. Carbonate of ammonia ... 

10. Carbonate of lime 

11. Sulphate of potash ' - 

12. Sulphate of soda . - 

13. Humate of ammonia ... 

14. Substance resembling wax ... 

15. Sand - - 

16. Water (hygroscopic) ... 

17. Undefined organic matter - . - < 

100-00 12-07 

I am satisfied from its large proportion of oxalate of ammonia, that the sample thus 
analyzed was by no means a fair or normal specimen of guano ; and it is in fact widely 
different from all the fresh samples which have passed through my hands. It is 
described as " knobby, being mixed with light laminated crystalline portions, in white 
grains, from the size of a pea to that of a pigeon's egg.^' Having some lumpy concre- 
tions of a similar aspect in my possession, I submitted them to chemical examination. 

6. 1,000 grains being digested in boiling water and strained, afforded a nearly color- 
less solution. This was concentrated till crystals of oxalate of ammonia appeared. It 
was then acidulated with hydrochloric acid, to protect the phosphoric acid from pre- 
cipitation, and next treated carefully with a solution of nitrate of lime equivalent to the 
oxalic acid present. The oxalate of lime thus obtained being converted into carbonate 
weighed 80*5 grains, corresponding to 100 of oxalate of ammonia, being 10 per cent, 
of the weight of the guano. 

The liquor filtered from the oxalate was precipitated by nitrate of barytes, and 
afforded 112 grains of sulphate of barytes =38 sulphuric acid; and the last filtrate 
being mixed with a given measure of ferric acetate, and l;he mixture supersaturated 
with anmionia, yielded subphosphate of iron, equivalent to 5 per cent of phosphoric 
acid. I digested with heat other 500 grains of the same guano in a weak solution of 
borax, filtered, acidulated the liquid, but obtained merely a trace of uric add. It is 
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cketa therefore that the oxalate of ammonia had been formed in this guano at the 
expense of the uric acid, ^d that its concreted state, and the crystalline nodules dis- 
seminated through it, were the result of transformation by moisture in a hot climate, 
-which had agglomerated it to a density of 1*75 ; whereas clean fresh guano, friable and 
dry like the above, is seldom denser than 1*65. The guano contained only 3*23 of 
ammonia ; 65 of insoluble matter, 53 of earthy phosphates, 5 silica, 3 alkaline salts 
(fixed), and 7 organic matter. 

Oxalate of ammonia, being readily washed away, it is a bad substitute for the urate 
of ammonia, urea, and azotized animal matter, which it has replaced. Oellacher 
coald find no urea in the guano which he analyzed; another proof of its dis- 
integration. 

Bartel's analysis of a brown-red guano is as follows : — 

1. Muriate of ammonia - - - . - . 6*500 

2. Oxalate of ammonia - - ... - 13«351 

3. Urate of ammonia -------- 3*244 

4. Phosphate of ammonia 6*450 

5. Substances resembling wax and resin - - - - 0*600 

6. Sulphate of potash 4*277 

7. Sulphate of soda 1*119 

8. Phosphate of soda 5*291 

9. Phosphate of lime 9*940 

10. Phosphate of ammonia and magnesia - - - 4*196 

11. Conmionsalt ^- - - 0*100 

12. Oxalate of lime 16-360 

13. Alumina 0*104 

14. Sand insoluble in nitric acid, and iron - . . - 5*800 

15. Loss (water and volatile ammonia and undefined organic 

matter) - - ?2*718 

100*000 

Voelckel,in his analysis of guano, states 7 per cent, of oxalate of lime — a result quite 
at variance with all my experience — for I have never found so much as 2 per cent, of 
carbonate of lime in the washed and gently ignited insoluble matter ; whereas, according 
to Bartels and Voelckel, from 10 to 5 per cent, of carbonate should be obtained, as the 
equivalents of the proportions of the oxalate assigned by them. 

All these analyses are defective moreover in not showing the total quantity of ammonia 
which the guano is capable of giving out in the soil ; and since it appears that the freshest 
guano abounds most in what I have called potential ammonia, it must possess, of con- 
sequence, the greatest fertilizing virtue. . 

A sample of decayed dark-brovm moist guano from Chile, being examined as above 
described, for oxalate of ammonia, was found to contain none whatever ; and it con- 
tained less than 1 per cent, of uric acid. 

H. An article ofiered to the public, by advertisement, as Peruvian guano, was lately 
sent to me for analysis. I found it to be a spurious composition ; it consisted of— 

1. Common salts -------- 32*0 

2. Common siliceous sand - 28*0 

3. Sulphate of iron or copperas - - - - 5'2 

4. Phosphate of lime 4*0, with 

5. Organic matter from bad guano, &c. (to give it smell) - 23*3 

6. Moisture - -• 7*5 

100*0 
Grenuine guano, when burned upon a red hot shovel, leaves a white ash of phosphate 
of lime and magnesia ; whereas this factitious substance lei\ a black fused mass of sea 
salt, copperas, and sand. The specific gravity of good fresh guano is seldom more than 
1*66, water being 100; whereas that of the said substance was so high as 2*17 ; pro- 
duced by the salt, sand, and copperas. 

GUMS. Under the generic name Gum several substances have been classed, which 
diifer essentially, though they possess the following properties in common : viz., form- 
ing a thick mucilaginous liquid with water, and being precipitable from that solution by 
alcohol. Properly speaking, we should style gums only such substances as are trans- 
formed into mucic acid by nitric acid; of which bodies there are three: 1. ^rabine, 
which constitutes almost the whole of gum arable ; 2. Bassorine, which forms the chief 
part of gum tragacanth; and 3. Ceracine, which occurs in cherry-tree gum, and is con- 
vertible into gum arable by hot water. 

1. Gum arabic, in its ordinary state, contains 17 per cent, of water, separable from 
it by a heat of 212° F. 
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2. Cherry-tree gum consists of 52 per cent, of arabine, and 35 of a peculiar gum, 
which has been called Cerasine, This )atter substance is coBvertible ipto grape sugar 
by boiling it with very dilute sulphuric acid. 

GIJNPOWDER, ANALYSIS OF. M. BoUey dissolves out the sulphur from cbar- 
coal in gunpowder ( previously freed from its nitre by water), by digesting it, at a boiling 
heat for 2 hours, with the solution of 20 times its weight of sulphite of soda, which is 
thereby converted into hyposulphite. To the mixture water must be added, as it is 
wasted by the boiling. If the residuum be heated on platinum foU, it will exhale sul- 
phur, if this had not been all removed by the sulphilrous salt. 

H. 

HAIR CLOTH. See Weaving. 

HATS. The body of a beaver hat is made of fine wool and coarse fur mixed and 
felted together, then stiflfened and shaped ; the covering consists of a coat of beaver fur 
felted upon the body. Cheap hats have their bodies made of coarse wool, and their 
coverings of coarse fur or fine wool. The body or foundation of a good beaver hat, is 
at present made of 8 parts of rabbit's fur, 3 parts of Saxony wool, and 1 part of lama, 
vicunia, or red wool. About two ounces and a half of the above mixture are sufficient 
for one hat, and these are plagpd in the hands of the bower ; his tool is a bow or bent 
ashen staff, from 5 to 7 feet long, having a strong catgut string stretched over a bridge 
at each end, and suspended at its middle by i^ cord to the ceiling, so as to hang nearly 
level with the work-bench, and a small space above it. The wool and coarser fur are 
laid in their somewhat matted state upon this bench, when the bower, grasping the bent 
rod with his left hand, and by means of a small wooden catch plucking the string with his 
right, makes it vibrate smartly against the fibrous substances, so as to disentangle them, 
toss them up in the air, and curiously arrange themselves in a pretty uniform layer or 
fleece. A skilful bower is a valuable workman. The bowed materials of one hat are 
spread out and divided into two portions, each of which is compressed, first with a light 
wicker frame, and next under a piece of oil cloth or leather, called a hardening skin, 
till by pressing the hands backward and forward all over the skin, the filaments are 
linked together by their serrations into a somewhat coherent fleece of a triangular shape. 
The two halves or " bats" are then formed into a cap ; one of them is covered in its 
middle with a 3-cornered piece of paper, smaller than itself, so that its edges may be 
folded over the paper, and by overlapping each other a little, form a complete envelope 
to the paper; the junctions are then partially felted together by rubbing them haM, 
care being taken to keep the base of the triangle open by means of the paper ; the sec- 
ond bat being made to enclose the first by a similar process of folding and friction. 
This double cap, with its enclosed sheet of paper, is next rolled up in a damp cloth and 
kneaded with the hands in every direction, during which it is unfolded and creased up 
again in difi*erent forms, whereby the two layers get thoroughly incorporated into one 
body ; thus, on withdrawing the paper, a hollow cone is obtained. The above opera- 
tions have been partially described in the body of the Dictionary, and the remaining 
steps in making a hat are there sufficiently detailed. 

In a great bat factory women are employed, at respectable wages, in plucking the 
beaver skins, cropping ofl* the fur, sorting various qualities of wool, plucking and cutting 
rabbit's fur, shearing the nap of the blocked hat, picking out unseemly filaments of fur, 
and in trimming the hats ; that is, lining and binding them. 

The annual value of the hats manufactured at present in the United Kingdom is 
estimated at 3,000,000/. sterling. The quantity exported in 1840, was 22,5!^ dozens, 
valued at 81, 583Z. 

With regard to the stiffening of hats, I have been furnished by a skilful operator with 
the following valuable information: "All the solutions of gums which I have hitherto 
seen prepared by hatters, have not been perfect, but, in a certain degree, a mixture, more 
or less, of the gums, which are merely suspended, owing to the consistency of the com- 
position. When this is thinned by the addition of spirit, and allowed to stand, it let» 
fall a curdy looking sediment, and to this circumstance may be ascribed the frequent 
breaking of hats. My method of proceeding is, first to dissolve the gums by agitation 
in twice the due quantity of spirits, whether of wood or wine, and then, after complete 
solution, draw ofl" one half the spirits in a still, so as Ui^ bring the stififening to a proper 
consistency. No sediment subsequently appears on diluting this solution, however 
much it may be done. 

''Both the spirit and alkali stififenings for hats made by the following two recipes, 
have been tried by some of the first houses in the trade, and have been much ap- 
proved of: — 
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Spirit SHffmmg. 

7 pounds of fine orange shellac. 
2 pounds of gum sandarac. 
4 ounces of gum mastic. 
• Half a pound of amber rosin. 
1 pint of solution of copal. 
1 gallon of spirit of wine or wood naphtha. 

** The shellac, sandarac, mastic, and rosin, are dissolved in the spirit, and the solu- 
tion of copal is added last. 

Jllkali Stiffening. 

7 pounds of common block sheUac. 

1 pound of amber rosin. 

4 ounces of gum thus. 

4 ounces of gum mastic. 

6 ounces of borax. 

Half a pint of solution of copal. 

" The borax is first dissolved in a little warm water (say 1 gallon) ; this alkaline liquor 
is now put into a copper pan (heated by steam), together with the shellac, rosin, thus, and 
mastic, and allowed to boil for some time, more warm water being added occasionally 
until it is of a proper consistence ; this may be known by pouring a little on a cold slab 
somewhat inclined, and if the liquor runs off at the lower end, it is sufliciently fluid ; if, 
on the contrary, it sets before it reaches the bottom, it requires more water. When the 
whole of the gums seem dissolved, half a pint of wood naphtha must be introduced, and 
the solution of copal ; then the liquor must be passed through a fine sieve, and it will 
be perfectly clear and ready for use. This stiffening is used hot. The hat bodies, 
before they are stiffened, should be stiffened in a weai solution of soda in water, to 
destroy any acid that may have been left in them (as sulphuric acid is used in the ma- 
king of the bodies). If this is not attended to, should the hat body contain any acid 
when it is dipped into the stiffening, the alkali is neutralized, and the gums consequently 
precipitated. After the body is steeped in the alkaline solution, it must be per- 
fectly dried in the stove before the stiffening is applied ; when stiffened and stoved it 
must be steeped all night in water, to which a small quantity of sulphuric acid has 
been added ; this sets the stiffening in the hat body, and finishes the process. A good 
workman will stiffen 15 or 16 dozen hats a day. If the proof is required cheaper, 
more shellac and rosin must be introduced," 

HIDES, untanned j buffalo, bull, cow, ox, or horse. Imported in 1840, 352,867 ; re- 
tained for consumption, 302,789. Rates of duty ; from west coast of Africa, not exceed- 
ing 14 pounds, 23, 4d. ; from British possessions, dry, 2«., wet, U, 2d, ; from other places, 
dry, 4s. Sd,, wet, 2«. 4d, Net revenue, 40,139Z. in 1840, and 45,328/. in 1839. In 
1839, 16,557 pounds of tanned hides were imported for home consumption, and in 1840 
only 5,822 : at the rate from foreign parts of 6d, per pound, but if cut and trimmed, 
9d, ; from British possessions 3d,, if cut and trimmed 4|(2. per pound. 

HOPS. 

Annual amount of hop duty. 



Yts. 


Amount. 


Yrs. 


Amount. 


Yrs. 


Amount. 


Yrs. 


Amount. 


Yrs. 


Amount. 


Yrs. 


Amount. 


1711 


£13,137 


1733 


Jt■:^|,■:*l5 


1755 


£^'-il.\5-! 


1777 


£'iA.:'ti\ 


1799 


ir::i,,^79 


1821 


jei54,609 


1712 


f;^ 1/378 


1734 


^7.716 


1756 


■ -:-.l06 


177d 


l.'jM,syi 


1800 


ra,Lf98 


1822 


203,724 


1713 


SX'llS 


1735 


■i 1^.745 


1757 


. i:i3 


1779 


.^j&.H()0 


1801 


241.027 


1823 


26,058 


1714 


M,i57 
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■.llr.482 


17.58 


7 2.^96 


1780 


12-i,T34 
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nj6z 
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148,832 
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■l;in5 
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««^»^i^ 
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Ui'J54 
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l£:,'>92 


1782 


it-^w 
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I7:,cii7 


1826 


269,331 


1717 


&L^i69 


1739 


7'.|.742 
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:'>J76 


1783 


7xn6 


1805 


S->,^^04 


1827 


140.848 
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■ IfMlOS 
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:i:.ri75 
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';^>,;'95 
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J.iS.'J59 


1806 


n:iAf)2 


1828 


172,027 


1719 


liiJ.317 


1741 


i:.^'222 


1763 


HK.rus 
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ll^ifH 


1807 


l^^'^71 


1829 


, 38,398 


1720 


P^J69 


1742 


-^i/iSO 


1764 
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Sii.ii73 


1808 


2fil.ri89 
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88,047 


1721 


r].:m 


1743 


li 1,1172 


1765 


73,778 


1787 


'V2.1^ 


1809 
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1831 


174,864 


1722 


r>.443 
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lr^:08 
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I MKU5 


1788 


u?.,im 


1610 
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139,018 
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V.".S9 
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1767 


-X:i97 


1789 


l(l|J!fi3 


1811 


lt7.n.25 


1833 
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f'l.-171 


1746 


iil.H79 


1768 


11^ 102 


1790 


10'i..>vtl 


I8I2 


M,'':^3 


1834 


189,713 


1725 


t..f»26 


1747 


r-rl.m 


1769 


Hl/JOl 


1791 


!ijlj*59 


1813 


131.1^2 


1835 


235,207 
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H. 1.031 


1748 
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liH.131 
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l!^J.I12 


1814 
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1749 
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lS5,l-78 
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1728 
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1838 
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7^,iJ54 
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4.VH47 
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H'J.H2 
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206,M7 
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1819 
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Till; ,1112 


1776 
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1798 


r.': i\?.2 
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n^^:iO 1842 


169,776 
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Number of acres under the cultivation of hops in England. 



1807 


38,218 


1813 


30,581 


1810 


51,014 


1835 


46,718 


1831 


47,180 


1837 


56,333 


1806 


38,436 


1814 


40,571 


1820 


50,148 


1886 


50,471 


1833 


47,101 


1838 


55,045 


1800 


38,357 


1815 


48,150 


1831 


45,663 


1887 


49,485 


1833 


49,187 


1839 


53,305 


1810 


38,365 


1816 


44,810 


1883 


43,766 


1888 


48,365 


1834 


5k373 


1840 


44,805 


1611 


38,401 


1817 


46,493 


1883 


41,458 


1839 


46,135 


1835 


53,816 


1841 


45,7fi0 


1813 


38.700 


1818 


48,593 


1834 


43,449 


1830 


46,786 


1836 


55,483 


1843 





Hop duties of particular districts. 



Rochester 
Canterbury - 

Kent .... 

Sussex - - - -. 

Worcester 

Fambam ... 

North Clays - - - 

Essex . - - . 

Sundries 


1839. 


1840. 


1841. 


1843. 


jC60,603 16 6 
90,640 3 


£23,356 10 8 
5,757 4 


i:51,490 3 8 
33,960 14 10 


£58,813 4 7 
31,010 13 5 


111,451 10 6 
65,086 10 7 
16,630 16 4 
7,730 7 3 
3,005 13 10 
1.634 5 
1,058 11 5 


30,014 

3,080 13 

339 19 

1,643 18 7 

57 4 1 

35 17 1 

30 4 8 


85,450 18 6 
88,066 13 10 
18,076 10 8 
7,703 10 3 
1,150 7 10 
077 3 
705 8 7 


00,731 18 

43,561 10 

10,815 3 11 

11,678 18 4 

1,734 3 7 

3,050 10 11 

803 14 3 


305,538 13 7 


34,091 17 3 


146.150 1 7 


169,776 6 



HORN. Mr. J. James has contrived a method of opening up the horns of cattle, by 
which he avoids the risk of scorching or frizzling, which is apt to happen in heating 
them over an open fire. He takes a solid block of iron pierced with a conical hole, 
which is fitted with a conical iron plug, heats them in a stove to the temperature of 
melting lead, and having previously cut up the horn lengthwise on one side with a saw, 
he inserts its narrow end into the hole, and drives the plag into it with a mallet. By 
the heat of the irons, the horn gets so softened in the course of about a minute, as to 
bear flatting out in the usual way. 

HYPOSULPHITE OF SODA. This salt, so extensively used in the practice of 
Daguerroiyping, may be easily prepared in quantities by the following process : — 
Mix one pound of finely pulverized ignited carbonate of soda with ten ounces of 
flowers of sulphur, and heat the mixture slowly in a porcelain dish till the sulphur 
melts. Stir the fused mass, so as to expose all its parts freely to the atmosphere, 
whereby it passes from the state of a sulphuret, by the absorption of atmospherical 
oxygen, into that of a sulphite, with the phenomenon of very slight incandescence. 
Dissolve in water, filter the solution, and boil it immediately along with flowers of 
sulphur. The filtered concentrated saline liquid will afford, on cooling, a large ' 
quantity of pure and beautiful crystals of hyposulphite of soda. 

I. 



ILLUMINATIQN, COST OF. The production, diffusion, and economy of Kght, 
are subjects of the highest interest both to men of science and men of the world ; 
leading the former to contemplate many of the most beautiful phenomena of physics 
and chemistry, while they provide the latter with the artificial illumination so indis- 
pensable to the business and pleasures of modern society. The great cost of light from 
wax, spermaceti, and even stearic candles, as also the nuisance of the light from tallow 
ones, have led to the invention of an endless variety of lamps, of which the best hitherto 
known is undoubtedly the mechanical or Carcel lamp, so generally used by the opulent 
families in Paris. In this lamp the oil is raised through tubes by clock-work, so as 
continually to overflow at the bottom of the burning wick ; thus keeping it thoroughly 
soaked, while the excess of the oil drops back into the cistern below. I have possessed 
for several years an excellent lamp of this description, which performs most satisfactorily ; 
but it can hardly be trusted in the hands of a servant ; and when it gets at all deranged, 
it must be sent to its constructor in Paris to be repaired. The light of this lamp, when 
furnished with an appropriate tall glass chimney, is very brilliant, though not perfectly 
• uniform ; since it fluctuates a little, but always perceptibly to a nice observer, with the 
idtemating action of the pump-work ; becoming dimmer after every successive jet of 
oil, and brighter just before its return. The flame, moreover, always flickers more or 
less,^ owing to the powerful draught, and rectangular reverbatory shoulder of the 
chimney. The mecbenical lamp is, however, remarkable for continuing to bum, not 
only with unabated but with increasing splendor for seven or eight hours ; the vivacity 
of the combustion increasing evidently with the increased temperature and fluency of 
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the oil^iHiiel^' bf its caMelesa circiilstmi thoroiigh the igatted irfek, gels erentnally 
pretty warm. In. the compfuative experimeBts- made upon different lights by the 
Parisian philosophers, the mechanical lamp is commonly taken as the standard. I do 
not think it entitled to this pre-eainenoe ; for it may be mi|de to emit very different 
quantities of light, according to differences in the nature and supply of the oil, as well as 
Tariations in the form and position of the chimney. Besides, such lamps are too rare in 
this country to be selected as standards of illamination. 

After comparing lights of many kinds, I find every reason to conclude that a large 
wax candle of three to the pound, either long or short, that is, either 12 or 15 inches 
in length, as manufactured by one of the great wax-chandlers of London, and furnished 
with a wick containing 27 or 28 threads of the best Turkey cotton, is capable of fui^ 
nishing a most uniform, or nearly invariable standard of illumination. Its affords one 
tenth of the light emitted, by one of the Argand lamps of the Trinity house, and one 
eleventh of the light of my mechanical lamp, when each lamp is made to bum with its 
maximum flame. short«Df smoking. 

The great obstacle to the combnstion of lamps, lies in the viscidity, and consequent 
sluggish supply of oil, to the wicks ; an obstacle nearly insuperable with lamps of the 
common construction during the winter months. The relative viscidity, or relative 
fluency of different liquids at the same temperature, and of the same liquid at different 
temperatures, has not, I believe, been hitherto made the subject oi accurate researches. 
I was, therefore, induced to make the following experiments with this view. 

Into a hemispherical cup of platinum, resting on the ring of a chemical stand, I 
introduced 2,000 water-grain measures of the liquid whose viscidity was to be measured, 
and ran it off through a glass syphon, ) of an inch in the bore, having the outer leg 3} 
inches, and the inner leg 3 inches long. The time of efflux became the measure of the 
viscidity ; and of two liquids, if the specific gravity, and consequent pressure upon the 
syphon, were the same, that time would indicate exactly the relative viscidity of the two 
liquids. Thus, oil of turpentine and sperm oil have each very nearly the same density ; 
the former being, as sold in the shops, =0-876, and the latter from 0-876 to 0*880, 
when pure and genuine. Now I found that 2,000 grain-measures of oil of turpentine 
ran off through the small syphon in 95 seconds, while that quantity of sperm oil took 
2,700 seconds, being in the ratio of 1 to 28| ; so that the fluency of oil of turpentine is 
28| times greater than that of sperm oil. Pyroxilic spirit, commonly called naphtha, 
and alcohol, each of specific gravity 0*825, were found to run off respectively in 80 and 
120 seconds; showin? that the former was 50 per cent, more fluent than the latter. 
Speim oil, when heated to 265 Fahr., run^off in 300 seconds, or one ninth of the time 
it took when at the temperature of 64^. Southern whale oU, having a greater density. 
thftA the sperm, oil, would flow off faster were it not more viscid. 

2,000 grain-measures of water at 60^ run off through the said syphon in 75 seconds, 
but. when heated to 180^, they run off in 6 L % 

Concentrated sulphuric acid, though possessing the great density of 1*840, yet flows 
off very slowly at 64?, on.aceount of its viscidity ; whence its name of oil of vitriol. 
2,000 grain-measures of it took 660 seconds to discharge. 

Mr.Samnel Parker, lung advantageously known to the public for his sinumbral and 
pneumatic fountain lamps, as well as other inventions subservient to domestic comfort, 
having obtained a patent for a new lamp, in which the oil is heated by a very simple- 
contrivance, in the cistern, to. any desired degree, before arriving at the wick, I instt- ^ 
tnted an extensive series of experiments to determine its value in the production of 
light, and consumption 'of oil, compared to the value of other lamps, as well as candles,., 
in these respects. 

In^g. 73. A, A, B, B, is a section of the cylinder which constitutes the cistern; 
the oil being contained between the inner and outer cylinders, and receiving beat from 
the flame of the lamp which passes up through the inner cylinder, and is rever- 
berated more or less against its sides by the top of the metal chimney, being notched 
and bent back. D is a slide-valve which is opened to allow the oil to descend to the 
wick, and is shut when the cistern is to be separated from the pipe of supply, at £, 
for the purpose of recharging it with oil. The flame is modified, not by raising or- 
lowering the wick, as in common lamps, but by raising or lowering the bell-mouthed 
glass chimney which rests at its bottom on three points, and is moved by means of the 
nck-*work mechanism F. The*ooncentrie cylindrie space A, A, and B, B, contains a 
pint imperial, and should be made entirely full before lighting the lamp; so as to leave- 
no air in the cistern, which, by its expansion with the heat, would inevitably eanse. an 
overflow of the oil. 

The following arrangement was adopted in these experiments for determining the 
relative illumination of the different lights. Having trimmed, with every- precaution^ 
my. French meehanioal ^lamp^ and charged it with pure sperm oil, I plaeed it upon an 
oUong'table, at* fUstaaec of 10 feet from a wall> on which a white sheet of paper waft..' 

10 
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stock. One of Mr. Parker's hot-oil lamps, charged with a quantity of the same oil, 
was placed apon the same table ; and each being made to bum with its maximum 








^^.-•.vi.-^--i '•••■i-'fljr: 



briUiancy, short of smoking, the relative illumination of tHe two lamps was determined 
by the well-known method of the comparison of shadows ; a wire a few inches long, 
and of the thickness of a crow-quill, being found suitable for enabling the eye to esti- 
mate very nicely the shade of the intercepted light. It was observed in numerous trials, 
both by my own eye^and those of others, that when one of the lamps was shifted half 
an inch nearer to or further from the paper screen, it caused a perceptible difference 
in the tint of the shadow. • Professor Wheatstone kindly enabled me to verify the pre- 
cision of the above method of shadows, by employing, in some of the experiments, a 
photometer of his own invention, in which the relative brightness of the two lights was 
determined by the relative brightness of the opposite sides of a revolving silvered ball, 
illuminated by them. 

1. The mechanical lamp was furnished with a glass chimney 1*5 inches in diameter 
at the base, and 1*2 at top; the wide bottom part was 1*8 inches long, and the narrow 
upper part 8 inches. When placed at a distance of 10 feet from the wall its light there 
may be estimated as the square of this number, or 100. In the first series of experi- 
ments, when burning with its maximum flame, with occasioned flickeriogs of smoke, 
it emitted a light equal to that of 11 wax candles, and consumed 912 grains of oil per 
hour. The sperm oil was quite pure, having a specific gravity of 0*874 compared to 
water at 1 ,000. ][n a subsequent series of experiments, when its light was less flickering, 
and equal only to that of 10 wax candles, it consumed only 815 grains, or 0*1 164 of a 
lb. per hour. If we multiply this number into the price of the oil (89. per gallon) per 
lb. lid., the product 1*2804^. will represent the relative cost of this illumination, esti- 
mated at 100. 

2. The hot-oil lamp burns with a much steadier flame than the mechanical, which 
must be ascribed in no small degree to the rounded slppe of the bell-mouthed glass 
chimney, whereby the air is brought progressively closer and closer into contact with 
the outer surface of the flame, without being furiously dashed against it, as it is by the 
rectangular shoulder of the common contracted chimney. When charged with sperm 
oil, and made to barn with its maximum flame, this lamp required to be placed one 
foot further from the screen than the mechanical lamp, in order that its shadow should 
have the same depth of tint. Hence, its relative illumination was, in that case, as the 
square of 11 to the square of 10; or as 121 to 100. Yet its consumption of oil was 
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only 696 grains, or somewhat less than O'l of a pound per hour. Had its light been 
reduced to ICO, it would have consumed only 576 grains per hour, or 0*82 of a pound. 
If we multiply this number by lid., the product 0'902<2. will represent the relative cost 
of 100 of this illumination. 

3. The hot-oil lamp being charged with the southern whale oil, of specific gravity 
0*926, at 2«. 6d. per gallon, or 3^^. per lb., wben burning with its maximum flame, 
required to be placed 9 feet and 1 inch from the screen to drop the same tint of shadow 
upon it as the flames of the other two lamps did at 10 and 11 feet with the sperm oU. 
The square of 9 feet and 1 inch = 82 is the relative illumination of the hot-oil lamp 
with the southern whale oil. It consumed 780 grains, or 0* ill of a pound per hour; 
but had it given 100 of light it would have consumed 911 grains, or O'lSO of a pound, 
which number being multiplied by its price Sfd., the product 0*4875d. will represent 
the relative cost of 100 of this light. 

4. A hot-oil lamp charged with olive oil of specific gravity 0*9 14, at 5s. Sd. per 
gallon, or 7|(f. per lb. when burning with its maximum flame, required to be placed at 
9 feet 6 inches, to obtain the standard tint of shadow upon the screen. It consumed 
760 grains per hour. The square of 9| feet is 90i, which is the relative intensity of the 
light of this lamp. Had it emitted a light = 100, it would have consumed 840 grains, 
or 0* 12 of a pound per hour— which number multiplied by the price per pound, gives 
the product 0*9d. as the relative cost of 100 of this light. 

5. A hot-oil lamp charged with Price and Co.'s cocoa-nut oil (oleine), of specific 
gravity 0*925, at As. 6d. per gallon, or 5{d. per lb., had to be placed 9 feet from the 
screen, and consumed 1,035 grains per hour. Had its light been 100 instead of 81 (9s), 
the consumption would have been 1,277 grains, or 0* 182 of a pound per hour ! which 
number multiplied by its price per pound, the product I'OZld. will represent the coet of 
100 of this illumination. 

6. In comparing the common French annular lamp in general use with the mechani- 
cal lamp, it was found to give about one half the light, and to consume two thirda of 
the oil of the mechanical lamp. 

7. Wax candles from some of the most eminent wax-chandlers of the metropolis 
were next subjected to experiment ; and it is very remarkable that, whether they were 
threes, fours, or sixes in the pound, each aflforded very nearly the same quantity •£ 
light, for each required to be placed at a distance of three feet from the screen to afford 
a shadow of the same tint as that dropped from the mechanical lamp, estimated at 100. 
The consumption of a genuine wax candle, in still air, is upon an average of many ex- 
periments, 125 grains per hour, but as it affords only 1 11th of the light of the 
mechanical lamp, 11 times 125= 1,375 grains, or 0*1064 of a pound is the quantity 
that would need to be consumed to produce a light equal to that of the said lamp. 
If we multiply that number by the price of the candles per lb. = SOd. the product 
= 5'892rf. is the cost of 100 of illumination by wax. A wax ca»dle, three in the pound 
(short), is one inch in diameter, 12 inches in length, and contains 27 or 28 threads, 
each about 1 lOth of an inch in diameter. But the quality of the iwdck depends upon the 
capillarity of the cotton fibrils, which is said to be greatest in the Turkey cotton, and 
hence the wicks for the best wax candles are always made with cotton yarn imported 
from the Levant. A wax candle, three in the pound (long), is { of an inch in diameter, 
15 inches long, and has 26 threads in its wick. A wax candle, six to the pound, is 9 
inches long, 45ths of an inch in diameter, and has 22 threads in its wick. The light of 
this candle may be reckoned to be, at most, about 1 11th less than that of the threes in* 
the pound. A well-made short three burns with surprising regularity in still air, being 
at the rate of an inch in an hour and a half, so that the whole candle will last 18 hours. 
A long three will last as long, and a six about 9| hours. Specific gravity of wax = 
0*960. 

8. A spermaceti candle, three in the pound, is 9 lOths of an inch in diameter, 16 
inches long, and has a plaited wick, instead of the parallel threads of a wax candle. The 
same candles four in the pound, are 8. lOths of an inch in diameter, and 13^ inches long. 
Each gives very nearly the same quantity of light as the corresponding wax candles : 
viz., 1 11th of the light of the above mechanical lamp, and consumes 142 grains per 
hour. Multiplying the last number by 1 1, the product, 1,562 grains = 0*223 of a pound, 
would be the consumption of spermaceti requisite to give 100 of illumination. Multi- 
plying the last number by 24d.y the price of the candles per pound, the product 5*3o2i. 
is the relative cost of 100 of this illumination. 

9. Stearic acid candles, commonly called German wax, consume 168*5 grains, or 
0*024 of a pound per hour, when emitting the same light as the standard wax candle. 
Multiplying the latter number by 11, and by 16rf. (the price of the candles per pound), 
the product 4*224^2. will represent the relative cost of 100 of this illumination. 

10. Tallow candles : moulds, short threes, 1 inch in diameter, and 12^ in length; do. 
long threes, 9 lOths of an inch in diameter, and 15 in length ; do., long fours, 8 lOths of 
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aa inch in diameter, and 13{ in length. Bach o( these candles burns with a most un- 
certain Ught, which varies from 1 12th to 1 16th of the light of the mechanical lamp — 
the average may be taken at 1 14th. The threes consume each 144 grains, or 0*2 of a 
pound, per hour ; which number, multiplied by 14, and by 9d, (the price per pound), 
gives the product 2'52d, for the relative cost of 100 of this illumination. 

11. Palmer's spreading wick candles. Distance from the screen 3 feet 4 inches, with 
a shadow equal to the standard. Consumption of tallow per hour 232*5 grains, or 
0*0332 of a pound. The square of 3 feet 4 inches = 11'9 is the relative illumination 
of this candle =» 11-9 : : 0*3332 : : 100 : 0*28 X lOd. » 11*9 is the relative cost of this 
illumination. 

12. Cocoa-nut stearine candles consumed each 168 grains per hour, and emitted a 
light equal to 1 16th of the standard dame. Multiplying 168 by 16, the product 30*83 
grains, or 0*441 of a pound, is the quantity which would be consumed per hour toafbrd 
a light equal to 100. And 0*441 multiplied by lOi., the price per pound, gives the 
pKoduct 4*441i. as the cost of 100 ol this illumination per hour. 

A gas argand London lamp, of 12 holes in a circle of 2 of an inch in diameter, with 
a flame 3 inches long, afforded a lights 78| compared to the mechanical lamp : and 
estimating the light of the said mechanical lamp as before, at 100, that of the hot-oil 
lamp is 121, and that of the above gas flame of 78*57, or in round numbers 80, and the 
common French lamp in general use 50. 

Collecting the preceding results, we shall have the following tabular view of the 
cost per hour of an illumination equal to that of the mechanical lamp, reckoned 100, or 
that of eleven wax candles, three to the pound. 

Table of Cost per Houx of One HnimBED of Illumikatton. 

Pence. Pence. 

1. Parker's hot-oil lamp, with southern whale oil • 0*4875 or about id. 

2. Mechanical or Carcel lamp, with sperm oil - - 1-2804 - - H 

3. Parker's hot-oil lamp, with sperm oil - - - 0*902 . . l 

4. Ditto ditto common olive oil - - 0*900 - - 1 

5. Ditto ditto cocoa-nut oieine or oil - 1*031 - - 1 

6. French lamp in general use, with sperm oil - - 1*7072 - -It 
• 7, Wax candles 5*892 - * 6 

8. Spermaeeti candles 5*352 - - 5} 

9. German wax (Stearic acid) ditto .... 4*224 - • " 



10. Palmer's spreading wick candles .... 2*800 

11. Tallow (mould) candles 2*520 - . 2{ 

12. Cocoa-nut stearine of Price and C«. ... 4*4] . - 4| 

Since the hot-oil lamp afibrds sufficient light for reading, writing, sewing, &c., with 
one fiAh of its maximum flame, it will burn at that rate for 10 hours at the cost of 
about ONE PENNY, and it is hence weU entitled to the inventor's designation, <^ The 
Economic." 

Sir D. Brewster, in his examination lately before the committee of the house of 
commons on lighting the house, stated, that the French light-house lamp of Fresnel 
emitted a light equal to that of forty argand flames ; whereas, according to other 
accounts, it gave much less light. With the view of settling this point, before being 
examiaed by the said committee, I repaired to the Trinity house, and tried one c^ 
t^e two original Fresnel lamps, which had been deposited there by that eminent French, 
engineer himself. This lamp consists of four concentric circular wicks, placed in on^ 
horizontal plane ; the innermost wick being { of an inch in diameter, and Uie outermost 
3| inches. Being carefully trimmed, supplied with the best sp^rm oil, surmount^ 
with its great glass chimney, burning with its maximum flame, and placed at a distance 
of 13 feet 3 inches from the screen, it let fall a shadow of the same tint as that let ^all 
by the flame of my mechanical lamp, placed at a distance of 4 feet 6 inches from thi^ 
screen. The squares of these two numbers are very nearly as 8{ to 1 (175*5625 tQ 
20*25) ; showing that the Fresnel lamp gives less than 9 times the light of my mj^ 
chanical lamp, and about 9*6 times the light of one of the Trixuty house argand Iamp9* 
The Fresnel lamp is exceedingly troublesome to manage, from the great intensity of its 
heat, and the frequent fractures of its chimneys — two having been broken in the course 
of my experiments at the Trinity house. 

Mr. Goldsworthy Gurney, the ingenious inventor of the new lightrhpuse lamp, in 
which a stream of oxygen gas is sent up through a small tube within the burning cir- 
cl4ar wick of a small argand lamp, having politely sent two of his lamps, ^ my houi^. 
alongr with a bag of oxygen gas, I made the following experiments, to ascertaii^ tl^ 
illuminating powers compared to those of the mechanical lamp and wax candles.^ 

His larger lamp has a wick f of an inch in diameter, but emits an oxygen flame of 
Q^j I of an iach. The flame is so much whiter than that of the best l^fup oi; fi^^^fii. 
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that it becomes difficult to determine, with ultimate precision, the comparative depths 
of the shadows let fall by them. The mean of several trials showed that the above 
Bude-]ight (as Mr. Gumey calls it, from the name of his residence in Cornwall), has 
an illuminating power of from 28 to 30 wax candles. His smaller lamp has a flame } 
of an inch in diameter, and a wick I of an inch. Its lighjt is equal to that of from 18 
to 20 wax candles. 

The committee of the house of commons on lighting it, having asked me what was 
the relative vitiation of air by the breathing of men and the burning of candles, I gave 
the following answer : — 

Wax contains 81-75 parts of carbon in 100, which generate by combustion 300 parts 
of carbonic acid gas. Now, since 126 grains of wax constitute the average consum[>- 
tion of a candle per hour, these will generate 375 grains of carbonic acid ; equivalent 
in volume to 800 cubic inches of. gas. According to the most exact experiments on 
respiration, a man of ordinary size discharges from his lungs 1,632 cubic inches of car- 
bonic acid gas per hour, which is very nearly the double of the quantity produced from 
the wax candle. Hence the combustion of two such candles vitiates the air much 
the same as the breathing of one man. A tallow candle, three or four in the iwund, 
generates nearly the same quantity Of carbonic acid as the wax candle ; for though tal- - 
low contains only 79 per cent, of carbon, instead of 81.76, yet it consumes so much 
faster, as thereby to compensate fully for this difference. 

When a tallow candle of 6 to the lb. is not snuffed, it loses in intensity, in 30 min- 
utes, 80 hundredths ; and in 39 minutes 86 hundredths, in which dim state it remains 
stationary, yet still consuming nearly the same proportion of tallow. A wax candle 
attains to its greatest intensity of light when its wick has reached the greatest length, 
and begins to bend out of the flame. The reason of this difference is, that only the 
lower part of the wick in the tallow candle is charged with the fat, so as to emit In- 
miniferous vapor, while the upper part remains dry ; whereas, in the wax candle, the 
combustible substance being less fusible and volatile, allows a greater length of the 
wick to be charged by capillary attraction, and of course to emit a longer train of light. 

The following table contains, according to Peclet, the illuminating powers of differ- 
ent candles, and their consumption of material in an hour; the light emitted by a Par- 
cel argand lamp, consuming 42 granmies (= 42 X 15) grains) in an hour, being called 
100:— 



Tallow Candles 6 in lb. 


Intensity of Light. 


Consamption per Hour. 


. 10-66 


8-51 


Stearine, or Pressed Tallow, 8 in lb. - 


8-74 


7-61 


6 in lb. - 


7.60 


7-42 


Wax Candles, 6 in lb. - 


13-61 


8-71 


Spermaceti ditto, 5 in lb. 


14-40 


8*92 


Stearic Acid, commonly called Stea- 






rine, 5 in lb. - 


14-40 


9-33 



The subjoined table shows the economical ratios of the cai;kdles, where the second 
column gives the quantity of material in grammes which is requisite to produce as much 
light as the Carcel lamp ; — 



Tallow Candle 6 per lb. 

8 per lb. 

Pressed Tallow, 6 per lb. 
Wax Candle, 5 per lb. - 
Spermaceti ditto, 6 per lb. 
Stearine ditto, 6 per lb. 


Quantity of 
Material. 


Price per Kilo* 
gramme. 


Cost of Light per 
Hour. 


70-36 
85-92 
98-93 
64-04 
61-94 
65-24 


If. 40 c. 
If. 40 c. 
2f. 40e. 
7f. 60c. 
7f. 60c. 
6f. 


9-8 C. 
120 c. 
23-7 c. 
48-6 c. 
47-8 c. 
37-1 c. 



These results may be compare^ with mine given above. A kilogramme, or 1,000 
grammes= 15,440 grains=2i lbs., avoirdupois. 

INDIGO. Imported for home consumption, in 1839, 2,704,396 pounds; in 1840, 
2,996,216; duty 3d. on West Indian, 4d. on East Indian. 

INK. Mr. Stephen's patent blue ink is made by dissolving Prussian blue in a sqjtt- 
tion of oxalic acid. 

IRON. For certain new processes for making malleable iron, Mr. W. N. Clay has 
obtained two successive patents. Under the first, of December, 1837, he mixed bruised 
bematite, with one fifth of its weight of dean earbonaceoos matter in coarse powder, 
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and subjected the mixture in a p shaped retort to a bright red heat for twelve or more 
hours, till the ore be reduced to the metallic state, as is easily ascertained by applying 
a lile to one of the fragments. When discharged, the metal is to be transferred into a 
"balling or puddling furnace, along with about five per cent, of ground coke or anthra- 
cite, and worked therein in the usual way. He also proposes to use a conical kiln, like 
that for burning lime, instead of the retorts. 

In his second patent, dated March, 1840, Mr. Clay prescribes above 28 per cent, 
(from 30 to 40) of carbonaceous matter to be mixed with the ground-iron ore, contain- 
ing at least 45 per cent, of metal, which mixture is to be directly treated in a puddling 
iurnace. He also proposes to use a mixture of pig or scrap iron and ore, in equal 
quantities. 

The application of the waste gases (carbonic oxide chiefly) of the blast furnace to 
the purpose of heating the puddling or balling furnace, was made the subject of a 
patent in June, 1841, by a foreigner not named. The process had been previously 
practised in Germany, and is fully described in the ^nnaUs des Mines, about two years 
ago. 

In fig. 74 the manner of conveying the waste carbonic oxide from a blast furnace 
is shown : a, a, a, are openings leading into the vertical channels or passages, 6, 

and thence into the chamber c. There is a top to 
this chamber, with openings corresponding to the 
passages b. These openings are closed with cast- 
iron plates that can be taken off for the purpose of 
clearing out the passages b, and the chamber c. 
From the chamber c, the gas may be conducted in 
any direction, and to a distance of several hundred 
feet. 

In some localities, and in cases where it is re- 
quired to take, the gas from a blast furnace in 
operation, a metal cylinder, of a smaller diameter 
than the top of the furnace, and of a depth equal to 
its diameter, is suspended vertically within the top 
of the blast furnace the whole of its length. The 
space between the cylinder and the furnace at the 
top or mouth is to be hermetically sealed, and the 
furnace is to be charged through the cylinder, which 
must be kept full of minerals and combustibles. 
Thus the space between the cylinder and the inte- 
rior of the furnace remains vacant, but the gas may 
be conducted out of that part laterally, if required. 
The gases led oflf from the blast furnace may, if 
need be, pass through heated pipes, as for the hot 
blast. 

Figs, 75 and 76 represent a refining furnace for iron, with the necessary apparatus 
for working it with the gases, without the use of other fuel ; fig. 75 being a vertical 
section, and fig. 76 a sectional plan view. 






The gas from the blast furnace is brought into the chamber a a, and passing through 
an opening b b, it enters the furnace ; c c are a series of blow pipes, through which 
the heated air is forced into the furnace. In the space between the part marked b and 
the tubes c, the gas becomes mixed with the heated atmospherical air. 

This combustible gas from the blast furnace, mixed with the heated air, produces an 
intense heat in the furnace, adequate to the refining of iron. The warm air for burn- 
ing the gas is usually obtained from the blowing machine and hot blast pipes. 

For giving a still greater heat, the air may be carried through the tube /, into the 
iron chambers g g, or a system of pipes, whence it is led through the tube h, into the 
selni-circular chamber i, and then through the small pipes c, c, c, into the furnace. 

The metal to be refined is placed in the space d d, in b. liquid state, if the arrange- 
ment of the furnaces will admit of its being so taken from the blast furnace; if not, it 
may be nearly melted by the waste heat in the chamber e e. In order to decarbonize 
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the metal, a quantity of warm air, from the pipe h, is conducted through the pipe k, 
which is divided into two nozzles or tuyeres I /, and blown upon the fluid metal in the 
space d d, AAer having been thus exposed for an hour or two, it is run o£f through 
the opening m, and will be found in a reiined state. 

Figs, 77, 78, show the application to a puddling furnace. The openings n n admit 
a stream of cold water to flow through the cast-iron piece o o, to preserve it from injury 
by the fire. ** 

77 78 




Fig, 79 is a welding furnace ; the interior dimensions and the casing of the hearth 
being diflferent, as well as the fire bridge, from those of the puddling furnace. The 
pipes for conducting the gases are made of cast-iron, and must have at least a sectional 
area of one foot for every furnace that is to be heated. 

Figs, 80, 81, 82, 83, 84, show the application of this invention to the generation of 
steam. A chimney is here employed only at the conmiencement of the operation. The 

79 




air is forced into the furnace by any sort of blowing machine, or in any other con- 
venient way. The fuel is introduced into the fireplace, upon the grate n n, through 
the door a, which can be closed. The fireplace must contain as much fuel as will last 
for several hours. When the fire is first lighted, the combustion takes place in the 
ordinary way, on opening the door rf, and the slide-valve 6, and carrying through them 
a current of air by the chimney draught. This is continued till the steam-engine 
furnace, or any working (power) engineis in operation, after which a blowing apparatus 
is employed to force the air through the tube c, as shown in^g. 81. The openings d 
and 6 are tlfen closed; the air forced in now passes through the fiuesfffyf, placed 
round and beneath the boiler. The air, on arriving at the point g, is divided, one 
portion passes through the opening h, regulated by a valve, into the open space beneath 
the grate n n, to assist in the slow combustion of the fuel. The other part of the air 
passes through g, into h h, round the fireplace, in order to heat the air to an intense 
degree. After the second portion of the air has passed into the chamber A hy it enters 
another 1 1, thence through a series of blowpipes, or through o, into p p, beneath the 
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boiler. The burnt ur goes off through pp into a small ehiduiey^ tfarongh the openiiig 
hby which is regulated by a valve. 

IRON, Cast, Strength of. 

In the following Table, each bar is reduced to azainly one inch square; and the 
transverse strength, whidi may be taken as a eriterion of the value of each iron, is 
obtained from a mean between the experiments upon it, given in the Memoirs }— (fifst 
on bars 4 ft. 6 in. between the supports, and next on those of half the length, or 
2 ft.*3 in. between the supports. All the other results are deduced from the 4 ft. 6 in. 
bars. In all cases the weights were laid on the middle of the bcur. 

Table of Results obtained from Experiments on the Strength and other Properties of 
Cast Iron, from the principal Iron Works in the United Kingdom. By Mr. Wm. 
Fairbaim. 
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Pookey, Na3.ColdBla«t - 
Devon, Na 3. Hot Blast* - 
Oldbeny, No. 3. Hot Blart 
OMTon, No. 3. Hot Bbst* • 
Beaofort, No. 3. Hot Blast - 

Butterlfjr 

Bute, No. 1. Cold Blast 
Wiod Hill End, No. 8. Cold I 
Did Park, Na S. Cold Blast 
Bmufort, No. X Hot Blast 
Low Moor, Na S. Cold Blast 
Baffeiy, No. 1. Cold Blast* 
Brimbo, Na 3. Cold Blast - 
Apedale, Na 8. Hot Blast • 
Oldberry, Na 3. Cold Blast 
Pentwyn, Na 8. .... 
Maestag, NaS. .... 
HairluA, Na 1. Cold Blast* 
Adelphi, Na 8. Cold Blast 
Blaiua, Na X Cold Blast . 
Devon, Na 3. Cold Blast* . 
Oartsherrie, Na 3, Hot Blast 
Frood, Na 3. OoU Blast - 
Lane End, No. 3. .... 
Carroa, No. 3. Cold Blast* - 
Dundivan, Na a Cold Blast 
Haesteg (Harked Red) • . 
Coibyos Hall, Na 8. - . 
Pontypool, No. 3. - - . . 
Wailbrook, Na 3. . . - 
MUton, Na 3. Hot Blast ■ 
Boffery, Na 1. Hot Blast* 
Level, Na 1. Hot Blast - • 

Pant,Na8. 

Level, Na 8. Hot Blast . . 

W.S.S., Na8. 

Easle Foundry, Na 8. Hot Blast 
Elucar, No. 8. Cold Blast • 
Yarteg, Na 8. Hot Blast • 
Cohham, No. 1. Hot Blast 
Carroll, Na 8 Cold Blast • 
Muirkirk, Na 1. Hot Blast* 

Bierl^, Na 3. 

Coed-Talon, No. 8. Hot Blast* 
Coed- Talon, No. 8. Cold Blast* 
Monkland, No. 8. Hot Blast . 
Lmr's Works, No. 1. Hot Blast 
Milton, No. i. Hot Blast - . 
Plaskynaaton, No. 3. Hot Blast 



7'122 

7-aoo 

7-066 

7-a» 

7-038 
7-066 
7-071 
7-049 
7-108 
7-066 
7-079 
7-017 
7-017 
7tM9 
7-038 
7-088 
7-113 
7-080 
7-159 
7-286 
7-017 
7-081 
7-038 
7-094 
7-087 
7-088 
7-007 
7-080 
6-979 
7-061 
6-998 
7-080 
6V76 
7-031 
7-041 
7-088 
6-938 
7-007 
7-138 
7-069 
6-963 
7-186 
6-»69 
6-96S 
6-916 
6-967 
6-9<r6 
6-916 



17311000 
324736S0 
33733400 
17873100 
16803000 
16379500 
15168000 



14607000 
16301000 
14609600 
16381200 
14911666 
14853000 
14307600 
16198000 
13969600 
14008560 
13816600 
14381466 
33907700 
13894000 
13112666 
15787666 



13136600 
15394766 



13730600 
15453600 
15380900 
15341000 



14311000 
1%86600 
16013000 
16610066 
17638000 
13394400 
16156138 



617 
634 



463 

455 
457 
473 
455 
464 
467 
464 

467 
434 

443 
430 



4.19 
446 
446 
408 
430 
385 



434 
418 
404 



1,1974500 353 
13S41633 378 



1-747 
1-09 
1-005 
1-865 
1-599 
1-815 
1-764 
1-A81 
1-621 
1-513 
1*868 
1*66 
1-748 
1-730 
l-Sll 
1-484 
1-967 
1-734 
1-769 
1-738 
•790 
1-867 
1-836 
1-414 
1-336 
1-469 
1-887 
1-687 
1-857 
1-443 
1-368 
1-64 
1*516 
1-9R1 
1-368 
1-339 
1-513 
8*834 
1-450 
1-533 
1-331 
1-570 
1*333 
1-883 
1-470 
1-768 
1-890 
1*636 
1*366 



993 Whitish cr^ 
589 White - - 
649 White - - 
710 Whitish gray 
807 Dullish gray 
889 Dark gray - 
873 Bluish gray 
766 Dark gray • 
718 Gray - . - 
739 Dull gr^y . 
865 Dark gray . 
721, Gray . . . 
815 Light gray . 
791 Light gr^ . 
832 Dark gray . 
660 Bluish gray 
886, Dark gray * 
770 Briflit gray 
777, Light gray . 
747 Bright gnv 
763 Li^it gray - 
99ffi Light gray • 
841 Liglit gray - 
639<Dafkgiay . 
598 Gray 



674 



DuUg 



830 Bhiisb gray 
727 '> — 

816 



Grau - 
Dull bl 
Light gray • 
Gray - - 
DuUgray - 
Light gray . 
Light gray • 
DuUgray • 
Light gray - 
Bluish gr^y 
Gray - .• 
Gray - - - 
Whitish gr^y 
Gray • . . 
Bluish gray 
Dark gray . 
Bright gray 
eoriOrav - - . 
709 Blui«h gray 
743 Bluish gray 
638 Gray ■ - . 
Light gray 



Hard. 

Hard. 

Hard. 

HaitL 

Hard. 

Soft. 

Soft. 

Hard. 

Soft. 

Hard. 

Soft. 

Rather hard. 

Rather hanL 

Stiff. 

Rather soft. 

Hard. 

Rather soft. 

Fluid. 

Soft. 

HanL 

Hard. 

Soft. 

Open. 

Soft. 

Soft. 

Rather soft. 

Fluid. 

Soft. 

Rather soa 

Rather hard. 

Rather hard. 

Soft. 

Soft. 

Rather hud 

Soft. 

Soft. 

Soft. 

Soft. 

Hard. 

Rather soft. 

Hard. 

Soft. 

Soa 

Soft. 

Rather soft. 

Soft. 

Soft. 

Soft and fluid 

Rather soa 



Rule. — ^To find from the above table the breaking weight in rectangular bars, gene- 
rally, calling b and d the breadth and depth in inches, and I the distance between the' 



supports in feet, and putting 4*5 for 4 ft. 6 in., we have- 



4-6xM«S 



I 



= breaking 



weight in lbs., the value of S being taken from the table above. 

For example :— What weight would be necessary to break a bar of Low Moor 
iron, 2 inches broad, 3 inches deep, and 6 feet between the supports ? According to 
the rule given above, we have 2h==2 inches, c2=3 inches, 1^6 feet, 5a=472 from the 



table. Then 



±5Xbd2S 4^5X2X38X472 



I 



6 



===6372 lbs., the breaking weight. 



* The irons with asteriRks are taken from the experiments on hot and cold blast iron, made by Mr. 
Hodgkinson anu myself for the British Association for the Advancement of Science.-— See Seventh 
Seport, vol. vi. 

t The modulus of elasticity was usually taken from the deflection caused by US lbs. on the4 ft. 6 in. 
bars. 
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IRON. Hoi BUui. To the aecoimt of this interesting iniovation in the smelting 
of iron ores, given in the dictionary, I have now the pleasure of^epresenting in 
accurate phins, the complete system mounted at the Codner Park Works belonginjg to 
William Jessop, Esq. For the drawings, from which the woodcuts are faithfully 
copied, I am iadebted to Mr. Joseph Glynn, F.R.S., the distmguished engineer of the 
Butterly Iron Works. 

Fig8. 85, 86, 87, exhibit the apparatus of the hot blast in every requisite dotoil. 
The smelting furnaces have now generally three tuvdres, and three sets of air hen ting 




furnaces. The figures show two sets built together; the third set being detached on 
account of peculiar local circumstances. The air enters the horizontal pipe A, in the 
ground plan, Jig, 85, on one side of the arched or syphon pipes, shown in upright 
section in fig. 86, and passes through these pipes to the horizontal pipe, B, on the 
other side ; whence it proceeds to the blast furnace. These syphon pipes are flattened 
laterally, their section being a parallelogram, to give more heating surface, and also 
more depth of pipe (in the vertical plane), so as to make it stronger, and less liable to 
bend by its own weij?ht when softened by the red heat. This system of arched pipe 
«|iparatus is set in a kind of oven, from which the flue is taken out at the top of it ; 
but it thence again descends, before it reaches the chimney, entering it nearly at the 
level of the fire grate (as with coal gas retorts). By this contrivance, the pipes are 
kept in a bath of ignited air, and not exposed to the corroding influence of a current of 
fimtne. The places and directions of these oven flues are plainly marked in the 
drawing. 
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Fig. 87 is a plan of the blast furnace, drawn to a smaller scale than that of the 
preceding figures. 




=b 



d^ 



The three sets of hot-blast apparatus, all communicate with one line of conducting 
pipes, A, which leads to the furnace. Thus in case of repairs being required in one 
set, the other two may be kept in full activity, capable of supplying abundance of hot 
air to the blast, though of a somewhat lower temperature. See Smelting for con- 
structions of different blast furnaces ; also Puddling. 

During a vfsit which I have recently made to Mr. Jessop, at Butterley, I found 
this eminent and very ingenious iron-master had made several improvements upon his 
hot-blast arrangements, whereby he prevented the alteration of form to which the 
arched pipes were subject at a high tempeiature, as also that he was about to employ 
five tuyeres instead of three. For a drawing and explanation of his furnace-feeding 
apparatus, see Smelting. * 
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ISINGLASS. Imported for home consumption in 1839, 1,644 cwts.: in 1840, 
1,689 cwts. See Gelatine for excellent substitutes for isinglass in culinary operations. 
Were beer brewed by the Bavarian plan of fermentation, it would require no isinglass 
for fining it. 

IVORY. Imported of elephant's teeth for home consumption in 1839, 3,929 cwts. ; 
in 1840, 4,491 cwts. Duty U. 



K. 



KILLAS. The name given by the Cornish miners to clay slate, commonly of a 
greenish color, in which the richest deposites of copper and tin occur. 



L. 



LAC DYE. Imported for home consumption in 1839, 532,881 pounds ; in 1840, 
644,092 pounds ; 6s. per cwt. duty. 

LACTIC ACID. See Fermentation. 

LAMPS. The leading novelty under this title, is the construction of lamps for 
burning spirits of turpentine, in the place of the fat oils which alone have been in use 
from the most remote ages down to the present year. Two patents have recently been 
obtained for these lamps, under the fantastic title of Camphirie ; one by Mr. William 
Younof, and another by Messrs. Rayner and Carter, as the invention of a working 
miner — Roberts. Having been employed by the proprietors of these patents to 
examine the performances of their respective lamps, I here insert the two reports 
drawn up by me on these occasions : — 

^'Tbe Vesta lamp, burning with its utmost' brilliancy, without smoke, emits a 
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light equal to very nearly twelve wax or sperm candles of three or four to the pound ; 
and in so doing, it consumes exactly one imperial pint of spirits of turpentine (value 
sixpence retail) in ten hours, hence the cost per hour for a light equal to ten such 
caivdles is one halfpenny ; whereas that from wax candles would be nearly sixpence, 
from spermaceti ditto, fivepence; from stearine ditto, fourpence; from Palmer's 
spreading wick ditto, nearly threepence ; from tallow moulds 2id. ; from sperm oil in 
CarcePs Mechanical French Lamp, Hd. 

** One peculiar advantage of the Vesta lamp is the snowy whiteness of its light, which 
is such as to display the more delicate colors of natural and artificial objects, flowers, 
paintings, &c., in their true tints^ instead of the degraded hues visible by the light of 
handles and oidinary oil lamps. 

'' The size of the flame from which so much light is emitted in the Vesta lamp, 
is greatly smaller than that of oil or gas argand flames of equal intensity ; a circum- 
stance to be accounted for fron) the difierence in chemical composition, between spirits 
•f turpentine and fat oils. The spirits consist entirely of carbon and hydrogen ; in the 
proportion of 88^ of the former element, and 1 1^ of the latter, in 100 parts ;' and they 
eonsume 328 parts of oxygen ; whereas, sperm and other unctuous oils consist of^ 78 
parts of carbon, 11) of hydrogen, and 10| of oxygen, in 100 parts ; and these consume 
only 287*2 of oxygen, in being burnt ; because the oxygen already present in the oil 
aeutralizes 2*6 parts of the carbon atid 0*4 of the hydrogen, thus leaving only 85| parts 
of the combustible elements for the atmosphere to burn. For this reason, 87) parts by 
Weight of spirits of turpentine, will consume as much oxygen as 100 parts of sperm 
oil ; and will afiord, moreover, a more vivid light, because they contain no oxide, as 
ftit oils do, which serves to damp the combustion. In the spirits of turpentine, the 
aflSlnity of its elements for oxygen is entire, whereas in fat oil the afl^inity is partially 
neutralized by the oxides it contains; somewhat as the flame of spirits of wine is 
weakened by their dilution with water. 

*' Among the many applications of science to the useful arts, for which the present 
age is so honorably distinguished, few are more meritorious than the Camphine 
Lamps, by which we can produce a snow-white flame from the cleanly, colorless 
spirits of turpentine — a pure combustible fluid, in place of the smeary rank oils 
which contain a seventh part of incombustible matter. Being so rich in hydro-carbon, 
the spirits require peculiar artifices for complete consumption and the development of 
their full power of yielding light without smoke or smell. This point of perfection 
seems, to be happily attained by the invention of the two parallel flat rings, in the 
Paragon Lamp, a larger and smaller, forming a cone round the margin of the wick, 
which cause a rapid reverberatipn of the air against, the flame : thus consuming every 
particle of volatilized vapor, and adding energy to the luminous undulations. Hence 
the Patent Paragon Lamp in full action emits a light equal to that of sixteen wai 
candles three to the pound, but of better quality, approaching in purity to that of the 
flun-beam — therefore capable of displaying natural and artificial objects in their true 
colors. 

<<One imperial pint of rectified spirits of turpentine, value 6d, retail, will bum fi>r 
twelve hours in this lamp, aflbrding all the time the illuminationof eleven wax candles. 

,** The Paragon Camphine lamp is attended with no danger in use.* 

** The cost, as compared with other Lamps or Candles, is as follows : viz. : — 

PER HOUR. 

Paragon Camphine Lamp (equal to 11 wax candles) less than One Halfpenny. 

Wax Candles 

I?permaceti ditto ".'." 

Adamantean wax (Stearic Acid) .---... 

Palmer's Spread- Wick Candles 3j 

Cocoa Nut Candles ....4| 

Moulds (Tallow) -. 2f 

Carcel's Lamp, with Sperm Oil - - 2" 

See Illumination, cost of, for a description of an excellent oil lamp. 

LEAD. The total produce of the lead mines of Great Britain was estimated in 
1822, at 31,900 tons, which were distributed as follows : — 

Wales(Flintshire and Derbyshire) 7,500 tons. 

Scotland 2,800 

Cornwall and Devonshire ------- goO 

Shropshire -.. goo 

Derbyshire ---------- I^OOO 

Cumberland, Durham, and Yorkshire 19,000 

31,900 
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And in the year 1835, the total produce was estimated by Mr. John Taylor at 46,112 
tons ; of which 19,626 were furnished by Northumberland, Durham, and Cumberland; 
the mines of Mr. Beaumont alone yielding 10,000. See Soldek. 

LEATHER. In the Franklin Institute for February, 1843, Mr. Gideon Lee hafl 
published some judicious observations on the process of tanning. He believes that much 
of the original gelatine of the hides is never combined with the tannin, but is wasted ; 
for he thinks that 100 lbs. of perfectly dry hides, when cleansed from extraneous mat- 
ter, should, on chemical principles, afford at least 180 lbs. of leather. The usual prep- 
aratioQ of the hide for tanning he believes to be a wasteful process. In the liming and 
bating, or the unhairing and the cleaosing, the general plan is first to steep the hides 
in milk of lime for one, two, or three weeks, according to the weather and texture of 
the skin, until the hair and epidermis be sp loosened as to be readily removed by rub- 
bing down, by means of a knife, upon a beam or block. Another mode is to suspend 
the hides in a close chamber heated slightly by a smouldering fire, till the epidermis 
gets loosened by incipient putrefaction. A third process, called sweating, used in Ger- 
many, consists in laying the hides in a pack or pile, covered with tan, to promote fer* 
mentative heat, and to loosen the epidermis and hairs* These plans, especially the two 
latter, are apt to injure the quality of the hides. 

The bate consists in steeping the haired hides in a solution of pigeons' dung, con- 
taining, Mr. Lee says, muriate of ammonia, muriate of soda, &c. ; but most probably' 
phosphates of ammonia and lime, with urate of ammonia, and very fermentable animid 
matter. The dry hides are often subjected first of all to the operation of the fulUng- 
stocks, which opens the pores, but at the same time prepares them for the action of the 
liming and bate ; as also for the introduction of the tanning matter. When the f ulUog 
is too violent, the leather is apt to be too limber and thin. Mr. Lee conceives that the 
liming is injurious, by carrying ofif more or less of the gelatine and albumen of the skin. 
High-limed leather is loose, weighs light, and wears out quickly. The subsequent fer- 
mentation in the bating aggravates that evil. Another process has therefore been adopt-* 
ed in New York, Maine, New Hampshire, and some parts of Philadelphia, called, but 
incorrectly, cool sweating , which consists in suspending the hides in a subterranean 
vault, in a temperature of 50^ F., kept perfectly damp, by the trickling of cold spring* 
water from points in the roof. The hides being first soaked, are suspended in this vault 
from 6 to 12 days, when the hair is well loosened by the mere softening efi'ects of mois- 
ture, without fermentation. 

LEATHER, MOROCCO. (ifarogntVi, Fr. ; Saffian, Germ.) Morocco leather of 
the finer quality is made from goatskins tanned with sumach ; inferior morocco leather 
from sheepskins. The goatskins as imported are covered with hair ; to remove which 
they are soaked in water for a certain time, and they are then subjected to the operation 
called breaking, which consists in scraping them clean and smooth on the flesh side, 
and they are next. steeped in lime-pits (milk of lime) for several days, during which 
period they are draion out, with a hook, from time to time, laid on the side of the pit to 
drain, and replunged alternately, adding occasionally a little lime, whereby they are 
eventually deprived of their hair. When this has become suflSciently loose, the skins are 
taken out one by one, laid on convex beams, the work-benches, which stand in an inclined 
position, resting on a stool at their upper end, at a height convenient for the workman's 
breast, who scrapes off the hair with a concave steel blade or knife, having a handle at 
each end. When unhaired, the skins are once more soaked in milk of lime for a few 
days, and then scraped on the flesh side to render it very even. For removing the lime 
which obstructs their pores, and would impede the tanning process, as well as to open 
these pores, the skins are steeped in a warm semi-putrid alkaline liquor, made with 
pigeons' and hens' dung diffused in water. Probably spme very weak acid, such as fer- 
mented bran-water, would answer as well, and not be so offensive to the workmen. 
(In Germany the skins are first washed in a barrel by a revolving axle and discs.) They 
are again scraped, and then sewed into bags, the grain outermost, like bladders, leaving 
a smsdl orifice, into which the neck of a funnel is inserted, and through which is poured 
a certain quantity of a strong infusion of the sumach ; and they are now rendered tight 
round the orifices, after being filled out with air, like a blown bladder. A parcel of these 
inflated skins are thrown into a very large tub, containing a weaker infusion of sumach, 
where they nre rolled about in the midst of the liquor, to cause the infusion within to 
act upon their whole surface, as well as to expose their outsides uniformly to the tan- 
ning action of the bath. After a while these bladdei^skins are taken out of the bath, 
and piled over each other upon a wooden rack, whereby they undergo such pressure as 
to force the enclosed infusion to penetrate through their pores, and to bring the tannin 
of the sumach into intimate contact, and to form a chemical combination with the skin ^ 
fibres. The tanning is completed by a repetition of the process, of introducing some ' 
infusion or decoction into them, blowing them up, and floating them with agitation in . 
the bath. In this way goatskins may be well tanned in the course of one day. 
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The bags are next andone by removing the sewing, the tanned skins are scraped as 
before on the currier's bench, and hung up in Ihe drying loft or shed ; they are said 
now to be " in the crust." They are again moistened and smoothed with a rubbing- 
tool before being subjected to the dyeing operations, in which two skins are applied face 
to face to confine the dye to one of theii' surfaces only, for the sake of economizing the 
dyeing materials which may be of several dififerent colors. The dyed skins are grained 
by being strongly rubbed with a ball of box-wood, finely grooved on its surface. 

Tawing of Skins. (Megisserie, Fr. ; Weissgerberei, Germ.) The kid, sheep, and 
lamb skins, are cleansed as has been described under leather in the Dictionary. In some 
factories they receive the tanning power of the submuriate of alumina (from a solution 
of alum and common salt) in a large barrel-churn apparatus ; in which they are sub- 
jected to violent agitation, and thereby take the aluming in the course of a few minutes. 
In other cases, where the yolks of eggs are added to the above solution, the mixture, 
with the skins, is put into a large tub, and the whole trampled strongly by the naked 
feet of the operator, till the emulsion of the egg be forced into the pores of the skin. 
The tawed skins, when dry, are " staked," that is, stretched, scraped, and smoothed, by 
friction against the blunt edge of a semicircular knife, fixed to the top of a short beam 
of wood set upright. The workman holding the extremities of the skin with both hands, 
pulls it in all directions forcibly, but skilfully, against the smoothing '^ stake." 

In an entertaining article on tanning in the 11th volume of the Penny Magazine, at 
page 215, the following description is given of one of the great tawing establishments 
of London : — 

'' In the production of ^ imitation' kid leather, the skin of lambs is employed ; and 
for this purpose lambskins are imported from the shores of the Mediterranean. They 
are imported with the wool yet on them ; and as this wool is valuable, the leather- 
manufacturer removes this before the operations on the pelt commence. The wool is 
of a quality that would be greatly injured by the contact of lime, and therefore a kind 
of natural fermentation is brought about as a means of loosening the wool from the pelt. 
At the iVecXcinger establishment of Messrs. Bevington and Co., Bermondsey, one of the 
buildings presents, on the ground floor, a flight of stone steps, leading down to a range 
of subterranean vaults or close rooms, into which the lambskins are introduced in a 
wet state, after having been steeped in water, * broken' on the flesh side, and drained. 
The temperature of these rooms is nearly the same all the year round, a result obtained 
by having them excluded as much as possible from the variations of the external atmo- 
sphere ; and the result is that the skins undergo a kind of putrefactive or fermenting 
process, by which the wool becomes loosened from the pelt. During this chemical 
change ammonia is evolved in great abundance ; the odor is strong and disagreeable ; 
a lighted candle, if introduced, would be instantly extinguished, and injurious effects 
would be perceived by a person remaining long in one of the rooms. Each room is 
about ten feet square, and is provided with nails and bars whereon to hans the lamb- 
skins. The doors from all the rooms open into one common passage or vault, and are 
kept close, except when the skins are inspected. It is a point of much nicety to deter- 
mine when the fermentation has proceeded to such an extent as to loosen the wool from 
the pelt ; for if it be allowed to proceed beyond that stage, the pelt itself would become 
injured." 

When the fermentation is completed, generally in about five days, the skins are re- 
moved to a beam, and there < slimed* — that is, scraped on the flesh side, to remove a 
slimy substance which exudes from the pores. The wool is then taken off, cleaned, 
and sold to th§ hatters, for making the bodies of common hats. The stripped pelts are 
steeped in lime-water for about a week, to kill the grease ; and are next " fleshed on the 
beam." After being placed in a " drench," or a solution of sour bran for some days to 
remove the ^me and open the pores, the skins are alumed, and subjected to nearly 
the same processes as the true kidskins. (See Leather.) These Mediterranean lamb- 
skins do not in general measure more than about 20 inches by 12; and each one fur- 
nishes leather fortwo pairs of small gloveg. These kinds of leather generally leave the 
leather-dresser in a white state ; but undergo a process of dyeing, softening, " stroking," 
&.C., before being cut up into gloves. 

The tanning of one average-sized skin requires about 1} lbs. of good Sicilian 
sumach ; but for leather which is to receive a bright scarlet dye, from one half to three 
quarters of a pound of gall-nuts are employed in preference. Inferior goatskins are 
tanned with a willow-bark infusion, in pits, in which they are turned repeatedly, and 
laid out to drain, as in tanning sole-leather. The finest skins for the brightest scarlet 
are cured with salt, to prevent their receiving damage in the transport, and are dyed 
before being tanned. This method is practised in Germany and ^France. 

Leather of deer and sheep-skins is prepared with oil, for the purpose of making 
breeches, &c., and for wash-leather, used in cleaning plate. After they are completely 
washed, limed, and beamed, as above described, they have their " grain^'-surface re- 
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moved, to giye them greater softness and pliability. This removal of the grain is 
called ^* frizing," and it is done either with the round edge of a blunt knife, or with 
pumice-stone. After being freed from the lime by steeping in fermented bran-water, 
they are pressed as dry as may be, and are then impregnated with cod-oil, by beating 
"With stocks in the trough of a kind of fulling-mill. Previously to the application of 
the .oil, they are usually beat for some time alone to open their substance. The oiled 
skins are stretched, hung up for some time in the air, then fulled with oil as before — a 
process which is 8 or 9 times repeated. The oil is slowly and evenly poured upon the 
skins in the trough, during the action of the beaters. One hundred skins usually take 
up in this way from two to three gallons of oil. The fulled oiled skins are thrown into 
large tubs, and left for some time to ferment, and thereby to combine more intimately 
with the oil. They are lastly subjected to a weak potash ley bath, to strip them of the 
loosely adhering oU. They are then hung up in the air to dry, and dressed for the 
market. y 

The quantity of hides and skins converted into leather yearly in England is almost 
incredibly large. At Messrs. Bevington's establishment alone there are about 250,000 
skins annually converted into leather by the aluming or tawing process ; 220,000 by 
the sumach tanmng process ; as also a small number by the oil-dressing process. For 
the importation and exportation of skiris, untanned and tanned, see Hides. 

In 1839, 5,149 Russian tanned hides were imported for home consumption; and in 
1840, 4,664 ; of 5«. of duty on the entire hide ; and pieces 2s, 6d, per lb. 

The declared value of leather exported in 1840 was 320,912/. ; weight, 2,404,6^7 lbs. 
Saddlery and harness of 96,167/. declared value were exported. 

Leather gloves imported for home consumption in 1839, 991,623 pairs; in 1840, 
1,503,862 J average duty, 5«. a dozen. 

LEATHER SPLITTING. This operation is employed sometimes upon certain 
sorts of leather for glovers, for bookbinders, sheath-makers, and always to give a uni- 
form thickness to the leather destined for the cotton and wool card-makers. 
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Figs. 88, 89, 90, 91, represent a well contrived machine for that purpose; of which 
fig. &y shows the front view, fig. 89, a view from the left aide, fig. 91, a ground plan 
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and fig* 90 a vertical section across the machine, a is a stoong taUe, famished 'with, 
four legs b, which to the right and leA hand bears two horizontal pieces c. Each of 
these pieces is cut out in front, so as to form in its substance a half-round fork, that 
receiyes a cylinder <£, carrying on its end a toothed spur-wheel e. Motion is com- 
municated to the wheel by means of the handle/, upon whose axis the pinion, t, is fixed, 
working into the wheel dy. made fast to the end of the cylinder round which the leather 
is rolled. The leather is fixed at one of its ends or edges to the cylinder, either with a 
wedge pressed into a groove, or by a moveable segment of the cylinder itself. 

The table, a, is cut out lengthwise with a slot, that is widened below, as shown in 
ftg>90. 

The knife h ifigs. 90 and 91) is fixed flat upon the table with screw bolts, whose 
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heads are countersunk into the table, and secured with taps beneath (fi^. 90), the edge 
of the knife being placed horizontally over the opening, and parallel with it. 

In fig, 90, the leather, fc, is shown advancing against the knife, getting spUt, and has 
a portion coiled round the cylinder, which is made to revolve in proportion as the 
leather is clefl. The upper portion of the leather is rolled upon the cylinder d, while 
the under half, /, falls thrpugh the oblong opening upon the ground. 

In regulating the thickness of the spUt leather, the two supports, m, act ; they are 
made fast to the table a (one on each side of the knife), and are mortised into the table 
by two tenons secured beneath. These supports are furnished near their tops with 
keyed slots, by means of which the horizontal iron rod o (figs, 88, 90) is secured, and 
outside of the uprights they press upon the spnngs p^p, which tend to raise the rod, o, in 
its two end slots ; but the a^usting screws g, which pass down through the tops of the 
supports into the mortise n (fig, 90) and press upon the upper half of the divided tenon, 
counteract the springs, and, accordingly, keep the rod, o, exactly at any desired height 
or level. The iron rod, o, carries another iron bar, r, beneath it, parallel and also rectan- 
gular, yig. 90. This lower bar, which is rounded at its under face lies upon and presses 
the leather, by the action of two screws, which pass through two upright pieces* 
(figs. 88 and 90), made fast to the table ; thus the iron bar, r, may be made to press 
forward the edge of the knife, and it may be adjusted in its degree of pressure, accord- 
ing to the desired thickness, of the leaf of split leather, that passes through under it. 

Fig, 90 shows that the slant or obliauity of the knife is directed downward, over 
one of the edges of the oblong opening g ; the other edge of this opening is provided 
with an iron plate t (figs, 90, 91), which serves to guide the blade in cutting the leather 
to the proper depth. For thic purpose the plate is made adjustable by means of the 
four springs « (fi^s, 90, 91), 1« into the table, which press it downward! Four screws 
Vy pass down through the table, each belonging to its respective springs «, and by means 
of these screws th€i platOj. /, may be raised in any desired degree. Each of the screws, 
tt, has besides a small rectangular notch, through which a screw bolt, ar, passes, by 
which the sparing is made fast to the table. Thus also the plate, ty may be made to 
approach to or recede from the knife. 

y, in figs. 88 and 90^ is a flat board, laid upon the leather a little behind the edge 
of the plated; this boar^ is pressed by the cylinder z, that lies upon it, and whose 
tenons rest in pi^rtises cut out in the twd supports a\ The cylinder, z, is held in its 
position by a w««Jge or pin b (figs, 88 and 89), which passes through the supports. 
When the leather haa been split, these pins are removed, and the cylinder rises then by 
means of two counter weights, not shown in the figures. 

The operation of the machine is as follows — The edge or end of the leather beii^ 
secured to the cylinder d, the leather itself having the direction upon the table, shown 
in fig. 90, and Uie bar, r, it^ proper position over the knife, the edge begins %o enters in 
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this position into the leather, while the cylinder, d, is moved by the handle or winch, 
and the piece gets between the blade and the roller d. When the other end of the 
leather, fe, advances to the knife, there is, consequently, one half of the leather split; 
the skin is to be then rolled oflf the cylinder d ; it is turned ; the already split half, or the 
end of the leather k, is made fast into the wood of the cylinder, and the other half is 
next split ; while the knife now acts from below, in an opposite direction to what it did 
at first. 

That the unrolling of the leather from the cylinder, d, may not be dbstructed by the 
pinion i, the stop-wedge e (figs, 88, 89) is removed from the teeth. In the process of 
splitting, the grain side of the leather is uppermost, and is therefore cut of a uniform 
thickness, but the under side varies in thickness with the inequality of the skin. 

LINSEED. Imported for home consumption, in 1839, 3,852,359 bushels ; in 1840, 
3,256,257; lid. duty. 

LODES. The name given by the Cornish miners to metallic veins : as, tin lodes, 
copper lodes, &c. 

LOGWOOD ; imported for home consumption in 1839, 17,209 tons ; in 1840, 18,683 
tons ; duty 3«., foreign As, 6d, 



M. 



MACE. Imported for home consumption, in 1839, 21,154 pounds ; in 1840, 16,813, 
duty 2s, 6d. per pound. 

MADDER, GROUND; imported for home consumption in 1839, 96,702 cwts. ; in 
1840, 134,179 cwts. ; duty 2s. per cwt. 

MADDER ROOT; in 1839, 80,259 cwts.; in 1840, 112,714 cwts.; duty M. 
per cwt. 

A patent was granted in August, 1843, to Mr. F. Steiner, for the manufacture of 
Gurancine from used madder, formerly thrown away, as being exhausted of its dyeing 
principle. His process is as follows : *' A large filter is constructed outside the 
building in which the dye-vessels are situated, formed by sinking a hole in the ground, 
and lining it at the bottom and sides with bricks without any mortar to unite them. 
A quantity of stones or gravel is placed upon the bricks, and over the stones or gravel 
common wrappering, such as is used for sacks. Below the bricks is a drain to take 
off the water which passes through the filter. In the tub adjoining the filter is kept a 
quantity of dilute sulphuric acid, of about the specific gravity of 105, water being 100. 
Hydrochloric acid will answer the several purposes, but sulphuric add is preferred as 
more economical. A channel is made from the dye-vesseb to the filter. The madder 
which has been employed in dyeing is run from the dye- vessels to the filter ; and 
while it is so running, such a portion of the dilute sulphuric acid is run in and mixed 
with it as changes the color of the solution and the undissolved madder to an orange 
tint or hue. This acid precipitates the coloring matter which is held in solution, and 
prevents the undissolved madder from fermenting or otherwise decomposing. When 
the water has drained from the madder through the filter, the residuum is taken from 
off the filter and put into bags. The bags are then placed in an hydraulic press, to have 
as much water as possible expressed from their contents. In order to break the lumps 
which have been formed by compression, the madder or residuum is passed through a 
sieve. To 5 cwt. of madder in this state, placed in a wood or lead cistern, 1 cwt. of 
sulphuric acid of commerce is sprinkled on the madder through a lead vessel similar 
in form to the ordinary watering-can used by gardeners. An instrument like a garden 
spade or rake is next used, to work the madder about so as to mix it intimately with 
the acid. In this stage the madder is placed upon a perforated lead plate, which is 
fixed about five or six inches above the bottom of a vessel. Between this plate and 
the bottom of the vessel is introduced a current of steam by a pipe, so that it passes 
through the perforated plate and the madder which is upon it. During this process, 
which occupies from one to two hours, a substance is produced of a dark brown color 
approaching to black. This substance is garancine and insoluble carbonized matter. 
When cool, it is placed upon a filter and washed with clear cold water until the water 
passes from it without an acid taste. It is then put into bags and pressed with an 
hydraulic press. The substance is dried in a stove and ground to a fine powder under 
ordinary madder stones, and afterward passed through a sieve. In order to neutralize 
any acid that may remain, from 4 to 5 lbs. of dry carbonate of soda for every hundred 
weight of this substance is added and intimately mixed. The garancine in this state if 
ready for use. 

11 
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MALT. 



MALT. The Quantity of Malt consumed by the undermentioned Brewers of London and its 
Vicinity, from 10th October, 1830, to 10th October, 1842. 





1833 


\-'i-i. 


1833 


1834 


1835. 


K16 


m:. 


is:ja. 


!.5sy. 


1840. 


1841. 


1842. 


Q« 


Qrs. 


Qrs. 


Qrs. 


Qrs. 


Qrs. 


Qr«. 


Qrs. 


Qr», 


Qrs. 


Qrs. 


Qrs. 


Barclay and Co. - 


97. 13^ 


9H,r-?ia 


93,175 


99,674 


106,098 


108,715 


ItHf 446 107,455 


114.99: 


115,561 1106,345 


114,090 


Hanbury and Co. 


50,: a i 


iH,:y.1^ 58,497 


74,982 


78,087 


8»,303 


ei,44[» 


IMJ.HO 


1>(,<169 


f)<» n«0 


88,1321 92,466 


Whitbread and Co. - 


49,: 1^ 


5;i ;:il 50,067 


49,105 


55,209 


53,694 


47.012 


45,l6ti 


51,9^9 


^:i v 


■i - 52,098 


Reid and Co. 


43,-lti^i 


U.A-^i\ 40,810 


44,210 


49,430 


49.831 


4%1W 


44,9215 


44,(^10 


4>^..-m 


K. M 50,120 


Meux and Co. - 


24:.{y.t 


^^.^"■^ 20,71b 


26.161 


24,376 


30,775 


^>,Km:i 


3,\<ifv3 


3a,4fl& 


40,: h: 


49,; iJ7 


43,340 


Combe and Co. - 


34,f>l 


:i'i..i|bl 36,'J70 


35,438 


36,922 


42,169 


4*1.454 


4^,444 


40,712 


ae,3nn 


36, 4 fill 


40,4N 


Calvert and Co. - 


30,5'^;) 


:^^J-Mi!' 31,433 


31,460 


33,263 


30,859 


32,325 


31,320 


3T,028 


a(J,^l72 


30,^14 


ao.flwj 


Hoare and Co. - 


24J(J1J 


'4i\^i\, 25,407 


29.796 


31,525 


32,623 


3S.347 


31, a;^ 


31,(iOfi 


30,310 


^,4^1 


2fl,W>7 


Elliot and Co. - - 


19.44 ^ 


iiiiuM 19,899 


25,009 


28,728 


28,338 


24.150 


29,4?^e 


22.990 


25,36: 


25,379 


a: ,050 


Thome, T. and Son - 


\,ir> 


^.?>r^ 


5,136 


8,496 


10,913 


12,657 


ni,404 


It4,545 


lfl,57& 


2fl,hS4 


32,413 


25,022 


Charrington and Co. - 
StewardandCo. - 


10,WI 

8,] 15 


«,643 1 


15,617 


18,197 


19,213 


19,445 


UMH 


to,aoo 


18,688 


18,3Sb 


17,340 


20,433 


Taylor and Co. - 


2I,b4i 
16,30? 


ai,:3i 


21,115 


20,835 


23,885 


24,971 


33,55ft 


57.33(1 


25,955 


17,30<t 


2],4M 


39,IM 


Goding, J. and Co. • 


I4.a74 


14,279 


15,256 


16,312 


i 3,321 


iil4,033 


14,t(28 


J!'i^i 


{ 18,517 


ie,0]fj 


17,071 


Coding, Thomas - 


9,ys7 


M7I 


7,630 


8,824 


7,618 


11,784 


7,0^5 


7,551 


J 5.7flS 


Rarosbottom and Co. • 


i 




- 


- 


- 


115,364 


15.227 


13,0 1 a 










Broad wood and Co. • 


\ ^ 


■r 


^ 


- 


• 




. 


. 


10,610 


14,S30 


15,791 


Tfl,fl88 


Gardner, H. W.andP. 


6,S6C 


S.SJIH 


7,471 


11,429 


14,699 


15,369 


15,2^(5 


'^^Sl 


17,504 


15,f.59 


13,;2fi 


] 4,546 


Mann, James 


. 


V.IIA6 


1,332 


1,757 


2,780 


4,840 


6.58ei 


m.safi 


1L599 


1 1 ,679 


12, EM 


ia,53fl 


Courage and Co. 


a,iifi 


7.fift7 


7.546 


8.079 


8,790 


9,2.19 


9.2Rfi 


in,:23 


10,456 


11,532 


]2,32S 


13,016 


Wood and Co. - 


5.H]V^ 


&,ti)Q 


5,547 


7.602 


7,320 


7,961 


7,834 


e.50fi 


7,607 


7,194 


7.26fi 


7,632 


More, Robert 


a,i3i 


1.040 


1,890 


4,713 


4.130 


5,255 


4i.023 


fl,ia<j 


M13 


(i,U54 


7.175 


l^. 


Harris, Thomas - 


4,::^ 


4J.'H> 


4,540 


4,940 


4,964 


4,998 


5,042 


^.ifSfr. 


5,256 


5,152 


3,9fll 


6,022 


Hazard and Co. - 




n,i'2S 


6,203 


7,(194 


. 


6,597 


fi.e74 


fi,552 


6,25<> 


6,729 


5,75« 


5,33fi 


Tubb, William - 




- 


- 


80 


200 


1,516 


2*i2fi 


3,365 


4,€60 


4 47h 


4,044 


5^3 


Richmond and Co. - 


' 3,TH^ 


3,^r^3 


3.256 


3,520 


3,268 


3,551 


3,174 


4,115.^ 


4,53fi 


4.^64 


5,0^ 


5,424 


Hodgson and Co. 


j 4,iW0 


Xm 


3,870 


2,080 


2,414 


3,400 


2,40tl 


1,7U0 


5,338 


5,704 


5,862 




Abbott, E. - - - 


t- - 


- 


_ 


- 


. 


. 


- 


, 


- 


- 


- 


1,983 


Manners and Co. 




- 


. 


- 


. 


. 


4,55Q 


f^.m 


7.030 


5,334 


4.819 


i^^i 


Halo, George 


4,594 


4,3Sa 


3,633 


3,281 


3,466 


3,768 


4.&47 


5»niw 


4,816 


4,443 


4,4 1» 


4,468 


Halford and Co. \ 


a,2i5 


3,187 


3,330 


3,545 


. 


3,763 


3,7Bfi 


4,6B5 


3,967 


3,5&5 






Keropson and Co. j 




- 


- 


- 


- 


- 


- 


- 


- 




3,155 


3,878 


Farren and Till - • 


/ 


3JJ9 


3,217 


. 


. 


4,046 


4,783 


4,599 


4,400 


4,425 






Thome, J. M. and Son 


1 ^ 


- 




. 


. 






. 


^ 


' 


3,800 


3,676 


Duggan and Co. - 


/ 


. 


„ 


. 


. 


2,201 


2,6<i 


2,28i 


3,926 


3,001 


2,574 




Gaskeil and Downs • 


1 


- 


. 


- 


- 


. 


- 


- 


* 


' 


- 


!'^J! 


M'Leod, B. - - - 


1,65C- 


iM7 


4,236 


5,479 


5,360 


4,669 


4,«eo 


4,700 


_ 4,300 


3,410 


3,30S 


3,|25| 


Plummer - 




^ 


. 


- 


. 




. 


- 




:^ 


1,653 


3,«ll 


Laxton and Bryan 


4,D4S 


3,0SO 


2,941 


3,508 


4,187 


3,573 


3,5S3 


3,ie7 


^^V^ 


2.B5S 


2,579 3,79(7 


Draper and Co. • 




- 


- 


. 


. 


. 




- 


1,656 


1,711 


1,787 2,777 


Miller and Co. - 




_ 


. 


. 


. 


. 


. 


. 


es5 


I,t67 


1,74«^ 2,fta5 


Keene and Co. - 




L 


. 


. 


. 


. 




. 


2,306 


2,345 


2,643 2,445 


Lane and Bowden 


. 


, 


. 


. 


_ 


. 


68 


3Q3 


1,275 


1,964 


2,010 *i,432 


Flemming and Co. - 
Clarke, Charles • 




i_ 


. 


. 


. 


. 


- 


1,787 


1,795 


2 159 


2.417 a.ase 


814 


657 


1,006 


1,003 


1,006 


1,249 


1,330 


l,fl34 


.l,S48 


l,(i34 


2,124 2,255 


Gumey, J. and Co. • 




- 








. 






\^ faM 


IMS 


2,3971 2,ail 


Stains and Fox - 


a,i!a.'. 


l,fi3S 


" 2,163 


2,266 


3,106 


3,738 


aj8.i 


" 3,749 


3,072 


S,40« 


2,528 2,050 


Very, W. and G. - - 




. 


844 


1,140 


1,208 


1,302 


1,573 


1,7^5 


1,749 


1,762 


1,835 1,840 


Jones, T. - 


5&5 


40^ 


337 


375 


248 


700 


95B 


h%^ 


1,565 


l.«79 


i,eu» 


1.808 


Herington and Wells - 








. 






- 


- 


1»53B 


1.90S 


1,746 


1,800 


Hill and Rice - . 


2,9! ft 


1,748 


1,974 


1,963 


2,042 


" 1,872 


1,653 


1,911 


1,S35 


l^V 


i,fi97 


l,6i28. 


Holt and Sons - 


1,113 


754 


717 


794 


734 


813 


TSfi 


84 H 


m7 


1,093 


972 


1,563 


Cox, John - 


93^2 


a.sro 


4,371 


2,446 


2,499 


2,018 


2,151 


l.tlPT 


l,3^fll 


1,723 


1,529; 1,M0 


Griffith, P. - - - 


a, 14a 


1,530 


1,063 


1,693 


2,120 


2,394 


2,3MJ 


l,feM 


1,553 


l,9lti 


l,41i*l lv4« 


Uffbrd and Co. - 








203 


472 


731 


W53 


i,ayi 


1,241 


UfOl 




Masterman and Co. - 


1,7W 


1,S('3 


1,830 


1,810 


1,877 


1,789 


U914 


1hS47 


1,7 P9 


1,672 


Johnson and Co. - ) 
Wyatt - - 1 


. 


. 


, 


. 


. 


2,809 


%nm 


2,438 


2,412 


a,413 


2,204' \ 


. 


. 


_ 


. 


. 




. 






, 


^i hum 


Turner, R. - 


^ 


V28 


218 


341 


531 


716 


712 


697 


" 1,013 


Ui77 


1,ai9 J. 254 


Dickenson, G. - 


901 


719 


601 


793 


838 


1,037 


1.0515 


1,01(1 


1,03<3 


1,106 


1,092. 1.I35 


Honeyball, Edward - 




. 


269 


471 


600 


1,103 


1,512 


1,714 


1,402 


1J55 


1,053: 1,|»7 


Jenner, R. and H. 




HOS 


355 


529 


734 


772 


1^33 


925 


H56 


929 


553' 1,067 


Church, J. L. - - 


. 


. 








756 


742 


672 


975 


949 


1,019' 1,065 


Blogg,B. - - - 


003 


6R4 


594 


752 


968 


1,067 


943 


h(m 


1,143 


l,"34 


1,113 J,045 


M'Leod,J.M.andCo. 




- 




. 




748 


tmi 


1?7B 


677 


7H2 


797; I.M5 


Satchell and Son 
Knight - - - 
Chadwick,W. - - 


2,506 


3,117 


' 1,906 


2,515 


2,147 


2,177 


1,441 


1,431 


1,475 


1,308 

78 
775 


1,0^3 M5 

B83i 8«5 
b20 846 


. 


_ 


I ', 




. 


I " 


Ififl 


361 


532 


Turner, John 


m 


bBi 


640 


677 


709 


786 


7€S 


eai 


853 


72K 


768 754 


Lock,R. - - - 




99 


259 


422 


496 


620 


651 


725 


7M 


77fi 


765i 7S7 


Hume, George - 
Collins, W. L. - - 


' im 


96a 


975 


1,427 


1.256 


1,235 


jjao 


1,166 


8TS 


791 


718; 708 


Wb 


I7*> 


254 


441 


519 


527 


5y& 


407 


302 


mt 


627, 705 


West, J. H.. - - 


B4ty 


577 


394 


322 


406 


406 


sei 


743 


594 


627 


708, 702 


ManteU and Son - 


l,lt*7 


m 


914 


850 


757 


607 


fly3 


A5n 


694 


723 


6411 050 


Addison - - • 


756 


suo 


596 


653 


671 


610 


7fl8 


§12 


637 


72 


636 649 


Martin and Co. - i 
Allan ... 














397 


501 


549 


54^ 


1 


. 


. 


\- 


. 


. 


. 










637' ,640 


HoddandCo. . . 


- - 


_ 


271 


486 


671 


839 


H9 


531 


504 


594 


644 624 


Clarke, W. - - - 


- • 


_ 
















465 


506 529 


Clarke, S. - - . 


•m 


e^i 


876 


936 


793 


637 


741 


7fl& 


547 


451> 


502 520 


Bye, W. and H. - 
Clark - - - 1 
Rudfe. - . j 














201 


260 


346 


433 


489, 810 


MS 


719 


780 


747 


706 


853 


BM 


9SI 






1 


• 












• 


- 


800 


555 


449 


soil 
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Bricheno, Henry - 
Lamont and Co. - 
Filmer and Gooding 
Wood and Co. 
Brown, late Hicks • 
Manvell, Isaac 
Abbott, E. - - 
Cooper, W. - 
Saunders 

West, J. W. - - 
Harris, Robert 


1831. 


1832. 


1833. 


1834. 


1835. 


1836. 


1837. 


1838. 


1839. 


1840. 


1841. 


Qrs. 
5,637 
1,646 

752* 
691 
244 


Qrs. 

5,732 

356 

' 713' 


Qrs. 

7,120 

883 

924 
«25 
443 

179 
451 


Qrs. 

9,950 

657 

875 
634 

255 

490 


Qrs. 

0,762 

403 

834* 
654 

199 

406 
557 


Qrs. 
9,885 
2,085 
1,039 

805* 

2,305 
310 

' 295' 
497 


Qrs. 
9,863 
3.600 
1,298 

" 824' 
560 
315 

" 306' 
470 


Qra. 

8,857 
5,251 
1,291 

756 
441 
370 
81 
251 
456 


Qrs. 

8,699 

7,638 

1,674 

1,493 

1,351 

579 

312 

434 

311 

290 

405 


Qrs. 

1 13,475 

l,e33 
1,442 
1,450 
732 
487 
503 
362 
353 
447 


Qn. 
13,067 

1,514 
1,484 
1,300 
770 
400 
485 
471 
444 
441 



Barrels of Beer brewed by each of the Twelve principal Brewers in London. 



1782. 


1808. 


Whitbread. 42,497 

Calvert, FeUx 38,304 

Truman 32,134 

Calvert, John 31,853 

Thrale.Mrs. - ' 20,695 

Hammond 28,715 

Phillips 16,527 

Goodwyn • 16,228 

Meux 14,969 

Jordan 1J,246 

Dawsun 11,077 

Dickinson 10,900 

284,145 


Meux 190,160 

Barclay 184,100 

Golden Lane 131,647 

Hanbury 117,574 

Whitbread 112,472 

Combe 70,547 

Goodwyn 70,232 

Calvert, Felix 68,*»94 

Elliot 48,660 

Biley 38,020 

Harford 32.800 

Calvert, John 32,022 

2,007,231 



Quarters of Malt consumed in the undermentioned Years, ending 10th October. 







By the Brewers of London and its Vicinity. 






1831 
1832 


622,549 II 1833 
604,477 II 1834 


578,588 II 1835 j 702,.')33 |j 1837 | 714,488 || 1839 
662,713 II 1836 1 754,313 || 1838 | 742,597 || 1840 


750,176 11 1841 1 
766,219 II 1842 | 


734,295 
741,651 


By the Twelve principal Brewers of London. 


1831 
1832 


432,521 II 1833 
438,046 II 1834 


427,087 11 1835 1 503.048 || 18.'J7 | 499.179 || 1839 
470,123 II 1836 1 526,092 || 1838 | 517,940 || 1840 


528,259 II 1841 
547,908 It 1842 


517,202 
541,710 



MANGANESE, OXIDE OF ; for a simple method of ascertaining the value of this 
substance in the production of chlorine, and the manufacture of the chlorides and chlo- 
rates, see Chemistry Simplified, in the Appendix. 

MANURE. A patent for an excellent article of this kind was obtained in May^ 
1842, by J. B. Lawes, Esq. He decomposes bones, apatite, and other subphosphates 
of lime, by mixing them in powder with as much sulphuric acid as will liberate enough 
of the phosphoric to dissolve the phosphate of lime. The free phosphoric acid is there- 
by ready to combine with the various alkaline earths contained in the soil, while the 
phosphate of lime is brought to a state of more minute division than is possible by 
mechanical means. Mr. Lawes also proposes to mix the above soluble superphos- 
phate with such alkalies as are deficient in the soil, and thus to form a manure adapted 
to fertilize it. His third improvement in manure is the formation and application of a 
liquor of flints, for such soils as are deficient in soluble silica. The last compotind he 
considers to be valuable for grounds much cropped with wheat and other cereals that 
require a good deal of silica for their growth. 

MARGARIC ACID is obtained most easily by the distillation of stearic acid. The 
humidity at the beginning of the process must be expelled by a smart heat, otherwise 
explosive ebullitions are apt to occur. Whenever the ebullition becomes uniform, the 
fire is to be moderated. 

MATCHES, LUCIFER. According to Dr. R Boettgcr, in Jmuden der ChemU fuid 
Pharmacie, vol. xlvii., p. 334, take 



Phosphorus 

Nitre - 

Fine glue 

Bed ochre, or red lead 

fimalt - 



4 parts. 
10 — 

6 — 

5 — 
2 — 
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Convert the glue with a little water by a gentle heat into a smooth jelly^ put it into a 
slightly warm porcelain mortar to liquify ; run the phosphorus down through this g^ela- 
tine at a temperature of about 140° or 150® Fahr. ; add the nitre, then the red powder, 
and lastly the smalt, till the whole forms a uniform paste. To make writing-paper 
matches, which burn with a bright flame and diffuse an agreeable odor, moisten each 
side of the paper with tincture of benzoin, dry it, cut it into slips, and smear one of 
their ends with a little of the above paste by means of a hair pencil. On rubbing the 
said end after it is dry, against a rough surface, the paper will take fire without the in- 
tervention of sulphur. 

To form lucifer wood matches, that act without sulphur, melt in a flat-bottomed tin 
pan as much White wax as will stand one teifth of an inch deep ; take a bundle of 
wooden matches free from resin, rub their ends against a red hot iron plate till the 
wood be slightly charred ; dip them now in the melted wax for a moment, shake them 
well on taking th^n out, and finally dip them separately in the above viscid paste. 
When dry, they will kindle readily by friction. 

For the rapid manufacture of the wooden splints for lucifer matches, a patent was 
granted to Mr. Reuben Partridge, in March, 1842. He employs a perforated metallic 
plate, having a steel face, strengthened by a bell metal back ; see figs. 92, 93. The 
size of the perforations must depend on that of the desired splints, but they must be as 
close together as possible, that there may be a very small blank space between them, 
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otherwise the plate would aflford too great resistance to the passage of the wood. By 
this construction, the whole area of the block of wood may be compressed lateraDy 
into the countersunk openings, and forced through the holes, which are slighty coun- 
tersunk to favor the entrance and separation of the wooden fibres. Fig, 92 represents 
the face of one of these plates; and^g. 93 is a rectangular section through the plate. 
A convenient size of plate is three inches broad, six inches long, and one thick. The 
mode of pressing is by fixing the back of the plate against a firm resisting block or 
bearins:, having an aperture equal to the area of the perforations in the plate, and 
then placing the end of the piece or pieces of wood in the direction of the grain 
against the face of the plate within the area of the perforated portion. A plunger or 
lever or other suitable mechanical agent being then applied to the back or reverse 
end of the piece of wood, it may be forced through the perforations in the plate, being 
first split as it advances by the cutting edges of the holes, and afterward com- 
pressed and driven through the perforations in the plate, coming out on the opposite 
side or back of the plate in the form of a multitude of distinct splints, agreeably to 
the shapes and dimensions of the perforations. — {Newton's Journal, C. S. vol. xxii. 
pa^e 268.) 

MERCURY ; imported for home consumption in 1839, 340,469 pounds ; in 1840, 
330,070 pounds ; duty Irf. per pound. 

METALLIC ANALYSIS. Professor Liebig has lately enriched this most useful 
department of practical chemistry, by the employment of the cyanide of potassium 
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prepared in his economical method (see this article). This salt is the best re-agent for 
detecting nickel in cobalt. 'The solution of the two metals being acidulated, the cyanide 
is to be added until the precipitate that first falls is redissolved. Dilute sulphuric acid 
is then added^ and the mixture being warmed and left in repose, a precipitate does not 
fail to appear sooner or later, which is a compound of nickel. Cyanide of potassium 
serves weU to separate lead, bismuth, cadmium, and copper, four metals often associated 
in ores. On adding the cyanide in excess to the solution of these metals in nitric acid, 
lead and bismuth fall as carbonates, and may be parted from each other by sulphuric 
acid. Sulphuretted hydrogen is passed in excess through the residuary solution, and 
the mixture being heated, a small quantity of cyanide is added : a yeUow precipitate in- 
dicates cadmium ; and a black precipitate falls on the addition of hydrochloric aeid, if 
copper be present. 

If into a crucible (containing the cyanide fused by heat), a little of any metallic ox- 
ide be thrown at intervals, it will be almost immediately reduced to the reguline state. 
When the fluid mass is aifterward decanted, the metal will be found mixed with the 
white saline matter, from which it may be separated by water. 

Even metallic sulphurets are reduced to the state of pure metals by being projected 
in a state of fine powder into the fused cyanide. When an iron ore is thus introduced, 
alon&r with carbonate of potash or soda, and the mixture is heated to fusion, which re- 
quires a strong red heat, the alumina and silica of the ore fuse into a slag ; from which, 
on cooling, the metallic iron may be separated by the action of water, and then weighed. 
If manganese exist in the ore, it remains in the state of protoxide ; to be determined by 
a separate process. When oxide of copper is sprinkled on the surface of the fused cy- 
anide, it is immediately reduced, with the disengagement of heat and light. The mix- 
ture being poured out of the crucible and concreted, is to be ground and washed, when 
a pure regulus of copper will be obtained. 

The process of reduction is peculiarly interesting with the oxide of antimony and tin ; 
being accomplished at a low red heat, hardly visible in daylight. Even the sulphurets 
of these metals are immediately stripped of their sulphur, with the formation of sulpho- 
cyanide of potassium. 

Cyanide of potassium, mixed with carbonate of soda, is an excellent re-agent in blow- 
pipe operations for distinguishing metals. The reductions take place with the utmost 
facility, and the fused mixture does not sink into the charcoal, as carbonate of soda 
alone is apt to do in such cases. Hence the grains or beads of metal are more visible, 
and can be better examined. 

When the cyanide is heated along with the nitrates and chlorates (of potash), it causes 
a rapid decomposition, accompanied with light and explosions. 

Arsenic may be readily detected in the commercial sulphuret of antimony, by fusing 
it with three fourths of its weight of the cyanide in a porcelain crucible over a spirit 
lamp, when a regulus of antimony is obtained. The metal may then be easily tested 
for arsenic, since none of this volatile substance can have been lost, owing to the low 
temperature employed. 

When arsenious acid, or orpiment, or any of the arseniates, are mixed with six times 
their weight of the mixture of cyanide and carbonate of soda in a tube with a bulb at 
one end, and heat applied with a spirit lamp to the glass, very beautiful rings of me- 
tallic mirror are formed by the reduced arsenic. The arseniates of lead and peroxide 
of iron, however, do not answer to this test. 
^ When sulphates of lead and barytes, along with silica, are mixed with four or five 
times their weight of the above mixed cyanide and carbonate, and fused, the sulphate 
of lead is reduced to the metallic state, the sulphate of barytes becomes a carbonate, and 
the silica gets combined with the alkali into a soluble glass. 

METALLIC STATISTICS. By the returns to five several orders made by the 
house of commons, which were obtained by the exertions and perseverance of Sir J. 
J. Guest, Sir C. Lemon, and Mr. Evans (M. P. for North Derbyshire), we are enabled 
to lay before our readers a most correct account of the various exports and imports of 
iron and iron ore, hardware, cutlery, &c., copper ore, copper, tin, zinc, lead ore, and 
lead, for the year ending January 5, 1844. 

Commencing with iron, it appears there was imported in the year, iron ore, 131 
tons; chromate of iron, 1,393 tons; pig-iron, 243 tons; unwrought iron in bars, 
12,795 tons; bloom, 563 tons; rod-iron, 12 tons; old, broken, and cast-iron, 286 
tons ; cast-iron, only 8 tons ; steel, unwrought, 1,697 tons : of these, 97 tons only 
were entered by weight, the remainder by value — 11,035Z. 6». 9d. Of the several 
countries from which these importations came^ the principal is Sweden, whence we 
have received of iron 10,909 tons, and steel 1,558 tons, leaving but a small portion to 
divide between twenty other places. Our exports of foreign iron have been, unwrought 
in bars, 3,986 tons; rod, 10 tons; hoops, 2 tons ; cast-iron, 11 cwt.; steel, unwrought, 
1,456 tons. The total quantity of foreign iron retained for home coBSumption was 
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14,782 tons, upon which the net amount of duty was 14,563/. The exportation of 
that staple produce of our own country, British iron, wad as follows : Bar-iron, 176,148 
tons ; bolt and rod, 22,625 tons ; pig-iron, 154,770 tons ; cast-iron, 16,449 tons ; ircm 
wire, 1,508 tons| wrought-iron, consisting of anchors, grapnels, &.C., 3,058 tons ; hoops, 
14,591 tons; nails, 6,020 tons ; and all other sorts, except ordnance, 44,577 tons; old 
iron for manufacture, 5,§24 tons; and un wrought steel, 3,199 tons. Those places 
which have taken the greatest portions of this produce are — Russia, 10,963 tons of bar- 
iron ; Denmark, 10,447 tons bar, and 7,010 tons pig; Prussia, 12,009 tons bar, 17,480 
tons pig ; Germany, 13,2^8 tons bar, 6,322 tons pig, 1,339 tons cast ; Holland, 17,509 
tons bar, 75,953 tons pig, 4,317 tons cast; Belgium, 4,279 tons cast ; France, 4,237 tons 
bar, 22,103 tons pig; Italy, 21,930 tons bar, 3,982 tons bolt and rod, 3,005 tons pig } 
Turkey, and Continental Greece, 6,412 tons bar; East Indies and Ceylon, 20,620 tons 
bar, 2,967 tons bolt; British North American colonies, 6y837 tons bar, 1,995 tons cast ; 
foreign West Indies, 5,043 tons bar, 1,646 tons cast ; and to the United States, 21,336 
tons bar, and 7,148 tons pig. The largest quantity of unwrought steel has been to the 
latter place — viz., 1,336 tons. 

Of British hardware and cutlery, we exported in the year, 17,183 tons, valued at 
1,745,518/. ; the principal of which has been — to Germany, 1,237 tons, value 159,889Z. ; 
East Indies, 1,402 tons, value 142,607/. ; British North American colonies, 1,129 tons, 
value 102,260/. ; British West Indies, 997 tons, value 80,040/. ; foreign West Indies, 
667 tons, value 48,609/. ; United States, 4,282 tons, value, 448,341/. ; Brazil, 943 tons, 
value 80,070/. ; and divers other places, var}'ing from 100 to 500 tons. 

We now come to copper. Of foreign copper ores, we have imported 55,720 tons ; and 
of metallic copper, unwrought and wrought plates, and coins, 805 tons. Of the ores, 
the greatest quantities have come from Cuba and Chili. 

We have exported 1,819 tons of British, and 650 tons of foreign tin; of which Franc* 
has taken 626 tens, Russia 480 tons, Italy 183 tons, Turkey 250 tons, and the remain- 
der distributed among twenty-seven places. 

Of foreign zinc, we have imported as follows : — 

Countries whence imported. 

Denmark - - - - 

Prussia - - - - - 

Germany - - - - 

Holland 

Belgium . - - _ 

Syria and Palestine - - - 

Total import of foreign zinc - - Tons 10,173 4 3 23 

Of this, we retained for home consumption 4,102 tons, on which the net duty was 
223/. 2s. lOrf. ; and we have exported 1,395 tons of British, and 6,445 tons of foreign 
spelter. 

Of foreign lead, we have imported 2,863 tons — of which 2,775 tons were pig and 
sheet, 68 tons ore, and 19 tons white lead ; 157 tons were retained for home consump- 
tion, on which the duty was 165/. ; and we imported from the Isle of Man, duty free, 
2,415 tons of lead ore. Our exportation of foreign lead amounted to 2,439 tons; while 
of British, we exported 176 tons of ore, 14,610 tons pig and sheet, 378 tons litharge, 707 
tons red lead, and 1,224 tons of white lead: making a total of 17,097 tons. — Railway 
and Commercial Gazette^ May 18, 1844. 

METER, GAS. Since the article Gas was printed, I have had occasion to examine 
very carefully the tonstruction, performance, and comparative merits, of the four gas- 
metres most generally used in Great Britain, and have been led to conclude that the 
suhnises concerning the correctness of the indications of several of them are but too 
well founded. The instruments on which my observations were made were all new, 
and just out of the hands of their respective patentees. 

1. The meter of Mr. West is, no doubt, accurate while the water-line is rightly ad- 
justed ; but as I find that it will admit an extra pint of water, it may be rendered unjust 
toward the consumers of gas ; and then if it receives a little more water by condensa- 
tion of vapor, or by accident, its siphon gets filled, which causes the extinction of the 
lights. 

2. The meter of Mr. Bottom has also several defects, and occasions nuisance *by letting 
its overflow-water trickle upon the floor. 

3. The meter of Mr. Crossley may be made to err in its measurement fully 20 
per cent, by dexterous repletion with water, and that in favor of the gas compa- 
nies. 

These three meters are furnished with the vertical float-valve, so apt to rust and stick ; 
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they also allow gas to escape to the discharge plug, to the imminent risk of occasioning 
fire with ignorant or careless servants ; and finally, they have the complex dial-plate 
indexes, so liable to misapprehension. 

4. The meter of Mr. Edge. This instrument is quite exempt from all the above 
defects, and is equally delicate and just in its indications, being mounted with a lever 
valve of great mobility, and a new index which any one who knows numbers can not 
miscount. I have subjected this meter to every kind of test aud find that it can not 
be made to give false indications, either by awkwardness or intention. Its inventor is 
therefore well entitled to the warm patronage both of the public and all gas companies 
who love their dealing. 

MILK has been adulterated with a solution of potato starch, from which it derives 
a creamy consistence. This fraud may be detected by pouring a few drops of iodine 
water into it, which immediately causes it to assume a blue or purple tint. Emulsion 
of sweet almonds, with which the milk at Paris has been adulterated, may be readily 
detected by the taste. 

MINES. The miner, in sinking into the earth, soon opens up numerous springs, whose 
waters, percolating into the excavations which he digs, constitutes one of the greatest 
obstacles that nature opposes to his toils. When his workings are above the level of 
some valley and at no great distance, it is possible to get rid of the waters by leading them 
along a tretich or a gallery of efflux. This forms always the surest means of drainage ; 
and notwithstanding the great outlay which it involves, it is often the most economical. 
The great advantages accruing from these galleries, lead to their being always estab- 
lished, and without risk, in mines which promise a long continuance. There are many 
galleries several leagues in length j and sometimes they are so contrived as to discharge 
the waters of several mines, as may be seen in the environs of Freyberg, Merely such 
a slope should be given them as is barely sufficient to make the water run, at the ut- 
most from ^~. to t4^) so as to drain the mine at the lowest possible level. 

Whenever the workings are driven below the natural means of drainage, or below 
the level of the plain, recourse must be had to mechanical aids. In the first place, the 
quantity of percolating water is diminished as much as possible by planking, walling, 
or calking up with the greatest possible care those pits and excavations which traverse 
the water levels ; and the lower workings are so arranged that all the waters may unite 
into wells placed at the bottom of the shafts or inclined galleries ; whence they may be 
pumped up to the day, or to the level of the gallery of effiux. In most mines, simple 
sucking pumps are employed, because they are less subject to give way, and more easy 
of repair ; and as many of these are placed over each other, as the shaft is ten yards 
deep, below the point where the waters have a natural run. 

These draining machines are set in motion by that mechanical power which happens 
to be the least coSlly in the place where they are established. In almost the whole of 
England, and over most of the coal-mines of France and Silesia, the work is done by 
steam-engines ; in the principal metallic mines of France, and in almost the whole of 
Germany and Hungary, by hydraulic machines ; and in other places, by machines 
moved by horses,, oxen, or even by men. If it be requisite to lift the waters merely to 
the level of a gallery of efflux, advantage may be derived from the waters of the upper 
parts of the mine, or even from waters turned in from the surface, in establishing in the 
mine of the gallery-level, water-pressure machines, or overshot water-wheels, for pump- 
ing up the lower water. This method is employed with success in several mines of 
Hungary, Bohemia, Germany, Derbyshire, CornwaJl, in those of PouUaouen in Brittany, 
&c. It has been remarked, however, that the copious springs are found rather towaid 
the surface of the soil than in the greatest depths. 

TRANSPORT OF ORES TO THE SURFACE. 

The ore being extracted from its bed, and having undergone, when requisite, a first 
sorting, it becomes necessary to bring it to the day, an operation performed in different 
ways according to circumstances and localities, but too often according to a blind 
routine. There are mines at the present day, where the interior transport of ores is 
executed on the backs of men; a practice the most disadvantageous possible, but which 
is gradually wearing out. The carriage along galleries is usually effected by means'of 
hurdles, barrows, or, still better, by little was:ons. These consist of frames resting on 
four wheels ; two larger, which are placed a little behind the centre of gravity, and two 
smaller, placed before it. When this carriage is at rest, it bears on its four wheels, and 
leans forward. But when the miner, in pushing it before him, rests on its posterior 
border, he makes it horizontal ; in which case it rolls only upon the two larger wheels. 
Thus, the friction due to four wheels is avoided, and the roller or driver bears no part 
of the burden, as he would do with ordinary wheelbarrows. To ease the draught still 
more, two parallel rails of wood or iron are laid along the floor of the gallery, to which 
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the wheels of the carriage are adjusted. It is especially in metaHie mines, where the ort 
18 heavy, and the galleries straight, that these peculiar wagons are employed. In coal 
mines, carriages formed with a much larger basket, borne on a railroad by four eqnal 
wheels, are preferred. Sometimes the above wain, called on the Continent a dog (cAmu), 
is merely a simple frame on four wheels, on which a basket is set. In the great mines, 
such as many of the coal and salt mines of Great Britain, the salt mines of Gallicia, the 
copper mines of Fahlnn, the lead mines of Alston-Moor, horses and asses are introduced 
into the workings to drag heavier wagons, or rather a train of wagons attached to 
one another. These animals often live many years under ground, without ever revisit" 
ing the light of day. In other mines, such as those of Worsley, in Lancashire, subter- 
ranean canals are cut, upon which the ore is transported in boats. 

When the workings of a mine are beginning, when they are still of little depth, and 
employ few hands, it is sufficient to place over the shaft a simple wheel and axle, by 
means of which a few men may raise the water-pails, and the baskets or tubs filled with 
ore ; but this method becomes soon inadequate, and should be replaced by more power- 
ful machines. 

ACCESSORY DETAILS. 

Few mines can be penetrated entirely by means of galleries. More nsually 
there are shafts for mounting and descending. In the pits of many mines, the work- 
men go down and come up by means of the machines which serve to elevate the 
ores. In several mines of Mexico, and the north of Europe, pieces of wood, fixed 
on each side of the pit, form the rude steps of a ladder by which the workmen pass up 
and down. In other mines, steps are cut in the rock or the ore ; as in the quicksilver 
mines of Idria and the Palatinate, in the salt mines of Wieliczka, and in some of the 
silver mines of Mexico. In the last they serve for the transport of the ore, which is 
carried up on men's backs. Lastly, certain mines are entered by means of slopes, 
some of which have an inclination of more than 30°. The workmen slide down«these 
on a kind of sledge, whose velocity of descent they regulate by a cord firmly fixed at 
the upper end. 

Miners derive light from candles or lamps. They carry the candles in a lump of soft 
clay, or in a kind of socket terminated by an iron point, which serves to fix it to the 
rock, or to the timbering. The lamps are made of iron, hermetically closed, and 
suspended, so that they can not droop, or invert and spill the oil. They are usually 
hung on thp thumb by a hook. Miners also employ small lanterns, suspended to their 
girdles. Many precautions and much experience are requisite to enable them to carry 
these lights in a current of air, or in a vitiated atmosphere. It is especially in corf 
mines liable to the disengagement of carburetted hydrogen, that measures of safety are 
indispensable against the explosions. The appearance of any halo round the flame 
should be carefully watched as indicating danger ; and the lights should be carried 
near the bottom of the gallery. The great protector against these deplorable accidents, 
is the safety lamp. See Lamp of Davy. 

We can not conclude this general outline of the working of mines, without giving 
some account of the miners. Most men have a horror at the idea of burying them- 
selves, even for a short period, in these gloomy recesses of the earth. Hence mining 
operations were at first so much dreaded, that, among the ancients, they were assigned 
to slaves as the punishment of their crimes. This dislike has diminished with the im- 
provements made in mining ; and finally, a profitable and respected species of labor 
has given mining its proper rank among the other departments of industry. The esprit 
de corps, so conspicuous among seamen, has also arisen among miners, and has given 
dignity to their body. Like every society of men engaged in perilous enterprises, and 
cherishing the hopes of great success, miners get attached to their profession, talk of it 
with pride, and eventually in their old age regard other occupations with contempt. 
They form, in certain countries, such as Germany and Sweden, a body legally consti- 
tuted, which enjoys considerable privileges. Miners work usually 6 or 8 hours at a 
time. This period is called a jourrtey (poste, in French). 

Miners wear, in general, a peculiar dress, the purpose of which is to protect them, as 
much as possible, from the annoyances caused by water, mnd, and sharp stones, which 
occur in the places where they work. One of the most essential parts of the dress of a 
German miner is an apron of leather fitted on behind, so as to protect them ijl sitting 
on moisture or angular rubbish. In England, the miners wear nothing but flannels ; 
^hough they frequently strip ofl* all their clothes except their trowsers. In many coun- 
tries the mallet and the pick, or pointerolle (called in German, Schegd and Eisen), dis- 
posed in a Saint Andrew's cross, are the badge of miners, and are engraved on their 
buttons, and on everything belonging to mines. 

Several of the enterprises executed in mines, or in subserviency to them, merit a 
distinguished rank among the history of human labors. Several mines are worked to 
a depth of more than 600 yards, some even to a thousand yards below the soxface of the 



MINES. 160 

soil. A great many deicead beneath the lerel of the ocean ; and a fev even extend 
under its billows, and are separated from them by a thin partition of rock^whleh allows « 
their noise, and the roUing of the pebbles, to be heard. 

In 1792, there was opened, at Valenciana, in Mexico, an octagonal pit, fully 7i yards 
wide, destined to have a depth of 560 yards, to occupy 23 years in digging, and to -cost 
240,000/. 

The great drainage gallery of the mines of Clausthal, in the Hartz, is 1 1,377 yak:d»; or 
six and a half miles long, and passes upward of 300 yards below the church of Clausthal^ 
Its excavation lasted from the year 1777 till 1800, and cost about 66,000/. Several 
other galleries of efflux might also be adduced, as remarkable for their great length and 
expense of formation. 

The coal and iron mines subservient to the iron works of Mr. Crawshay, at Merthyr- 
Tydvil, in Wales, have given birth to the establishment, interiorly and above ground, 
of iron railways, whose total length, many years ago, was upward of 1^ English 
miles. I ^ ' 

The carriage of the coal extracted from the mines in the neighborhood* of' Newcastle 
to their points of embarkation, is executed almost entirely, both unde^ girot^nd and on 
the surface, on iron railways, possessing an extent of upward of 500- miles. 

There is no species of labor which calls for so great a development of power as that 
of mines ; and accordingly, it may be doubted if man has ever constructed machines so 
powerful as those which are now employed for the working of some mineral excavations. 
The waters of several mines of Cornwall are pumped out by means of steam-engines, 
whose force is equivalent in some instances to the simultaneous action of many hundred 
horses. 

Mines, General Summary of. 

Mines maybe divided into three great classes : 1. Mines in the gealogical formations 
anterior to the coal strata ; 2. Mines in the secondary formations ,* 3. Mines in alluvial 
districts. 

The first are opened, for the most part, upon veins, masses, and .metalliferons beds. 

The second, on strata of combustibles, as coal ; and metalliferous or saliferous beds. 

The last, on deposites of metallic ores, disseminated in clays, sands, and other alluvial 
matters, usually superior to the chalk ; and even of far more recent forination. 

The mines of these three classes, placed, for the most part in very different physical 
localities, differ no less relatively to the mode of working them, and their mechanical 
treatment, than in a gealogical point of view. 

MINES OF FORMATIONS ANTERIOR TO THE COAL. 

These mines are situated in a few mountainous regions, and their whole amount forms 
but a small portion of the surface of the earth. The most remarkable of these are— 
tie Cordilleras of South America ; the mountains of Hungary ; the Altayan mountains : 
the Ural mountains ; the Vosges and the Black Forest ; the Hartz, and the east of 
Germany ; the centre of France ; the north of Portugal, and tlfe adjacent portions of 
Spun ; Britanny ; the corresponding coasts of txreat Britain and Ireland ; the north of 
Eirope ; the Allegany chain ; the south of Spain ; the Pyrenees ; the Alps ; the schistose 
districts on the banks of the Rhine and the Ardennes ; the calcareous mountains of 
En^nd and of Daouria. 

MINES OF THE CORDILLERAS OF SOUTH. AMERICA. 

Few regions are so celebrated for their mineral wealth as the great chain which, under 
the n&me of the Cordillera of the Andes, skirts the shores of the Pacific ocean, from the 
land tf the Patagonians to near the northwest point of the American continent. Who 
has not heard of the mines of Mexico and Potosi ? The mineral wealth of Peru has 
passed into a proverb. 

The most important mines of the Cordilleras are those of silver ; but several of gold^ 
mercury, copper, and lead, have likewise been opened. These mountains are not equally 
metalliferous in their whole extent. The workings occur associated in a small numb» 
of distxicts far distant from each other. 

In the Andes of Chili, particularly in the province of Coquimbo, some silver mines 
are explored, which afford chiefly ores of an earthy or ferruginous nature, mingled with 
imperceptible portions of ores with a silver base, known thereunder the name of Pacos. 
The same province also presents copper mines of considerable importance, from which 
are extracted native copper, orange oxide of copper, carbonate of copper (malachite)^ 
and copper pyrites, associated with some muriate of copper. In a few mines, masses 
of native copper of extraordinary magnitude have been found. 

The second metalliferous region of the Andes occurs between the 21st and 16th 
degrees of south latitude. It includes the celebrated mountain of Potosi^ situated in 
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nearly the 20th degree of south latitude, oa the eastern slope of the chain, and several 
• other districts, likewise very rich, which extend principally toward the northwest, as 
far as the two banks of the lake Titicaca, and even beyond it, through a total length of 
nearly 150 leagues. All these districts, which formerly depended on Peru, were united 
in 1778 to the government of Buenos Ayres. The mines of Potosi were discovered in 
1545, and have famished since that period till our days, a body of silver .which M. Hum- 
boldt values at 230,000,000^. sterling. The first years were the most productive. At 
that time ores were often found which afforded from 40 to 45 per cent, of silver. Since 
the beginning of the eighteenth century, the average richness of the ore does not exceed 
above from 3 to 4 parts in 10,000. These ores are therefore very poor at the present 
day ; they have diminished in richness in proportion as the excavations have become 
deeper. But the total product of the mines has not diminished in the same propor- 
tion : abundance of ore having made up for its poverty. Hence, if the mountain of 
Potosi is not, as formerly, the richest deposite of ore in the world, it may, however, be 
still placed immediately after the famous vein of Guanaxuato. The ore lies in veins in 
a primitive clay state, which composes the principal mass of the mountain, and is cov- 
ered by a bed of clay porphyry. This rock crovms the summit, giving it the form of a 
basaltic hill. The veins are very numerous ; several, near their outcrop, were almost 
wholly composed of sulphuret of silver, antimoniated sulphuret of silver, and native 
silver. Others, which offered near the surface merely sulphuret of tin, became richer 
as they descended. In 1790, seven copper mines were known in the viceroyalty of 
Buenos Ayres, seven of lead, and two of tin ; the last being merely washings of sands 
found near the river Oraro. 

On the opposite flank of the chain, in a low, desert plain, entirely destitute of water, 
which adjoins the harbor of Iquiqua, and forms a part of Peru, occur the silver mines 
of Huantajaya, celebrated for the immense masses of native silver which have been 
sometimes found in them. In 1758, one was discovered weighing eight cwts. 

M. Humboldt quotes 40 cantons of Peru as being at the present day most famous 
for their subterranean explorations of silver and gold. Those of gold are found in the 
provinces of Huaailas and Pataz ; the silver is chiefly furnished by the districts of 
Huantajaya, Pasca, and Chota, which far surpass the others in the abundance of their 
ores. 

The silver mines of the district of Pasco are situated about 30 or 40 leagues north of 
Lima, in 10| degrees of south latitude, 4,400 yards above the sea-level, on the easteri 
slope of the Cordilleras, and near the sources of the river Amazon. They were di»» 
covered in 1630. These mines, and especially those of Cero of Yauricocha, are actually 
the richest in all Peru. The ore is an earthy mass of a red color, containing much iron, 
mingled with particles of native silver, horn silver, &c., constituting what they call Pacot. 
At first, nothing but these pacos was collected ; and much gray copper and antimoniated 
sulphuret of silver were thrown among the rubbish. The mean product of all the ores is 
_. 1 _. ; or an ounce and 2 8 per cwt. ; although some occur which yield 30 or 40 per 
cent. These rich deposites do not seem to be extended to a great depth ; they have not 
been pursued further than 130 yards, and in the greater part of the workings only to 
from 35 to 45. Forty years ago, these mines, which produced nearly 2,000,000 of pias- 
tres .annually, were the worst worked in all South America. The soil seemed as if 
riddled with an immense number of pits, placed without any order. The drainage of 
the waters was effected by the manual labor of men, and was extremely expensive. In 
1816, some Europeans, among whom were several miners from Cornwall, mounted sev- 
eral high-pressure steam-engines, imported from England, which introduced a consid- 
erable improvement in the workings. 

The mines of the province of Chota are situated in about seven degrees of south lati- 
tude. The principal ones are those of Gualcayoc, near Mecuicampa, discovered in 1771 ; 
their outcrop occurs at the height of 4,500 yards above the sea ; the city of Mecuicampa 
itself has 4,000 yards of elevation, that is, higher than the highest summits of the Pyre- 
nees. The climate is hence very cold and uncomfortable. The ore is a mixture of sul- 
phuret of silver and antimoniated sulphuret, with native silver. It constitutes veins, of 
which the upper portion is formed of pcicosy and they sometimes traverse a limestone 
and sometimes a hornstone, which occurs in subordinate beds. The annual produce of 
the mines is 67,000 marcs of silver, according to Humboldt. 

In the districts of Huaailas and Pataz, which are at a little distance from the former 
two, gold mines are worked. This metal is extracted chiefly from the veins of quartz, 
which run across the primitive schistose mountains. The district of Huaailas contains, 
besides, lead mines. Peru possesses, moreover, some mines of copper. 

The quicksilver mines of Huancavelica, the only important mine of this species which 
has been worked in the New World, occurs on the eastern flank of the Andes of Peru, 
in 13 degrees of south latitude, at upward of 6,000 yards above the level of the sea. It 
does not seem referrible to the same class of deposites with the mines hitherto mentioned^ 
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Indications of mercurial aeposites have been observed in several other points of the Andes 
of Northern Peru, and of the south of New Granada. 

Lastly, mines of sal-gem are known to exist in Peru, especially near the silver mines 
of Huantajaya. 

On receding from the district of Chota, the Cordilleras are very indifferently stored 
with metallic wealth, to the isthmus of Panama, and even far beyond it. The kingdom 
of New Granada offers but a very small number of silver mines. There are some aurif- 
erous veins in the province of Antioquia, and in the mountains of Guamoco. The prov- 
ince of Caracas, the mountains of which may be considered as a ramification of the 
Cordilleras, presents at Aroa a copper mine which furnishes annually from 700 to 800 
metric quintals (1,400 to 1,600 cwt.) of this metal. Finally, we may state in passing, 
that there is a very abundant salt mine at Zipaquira, in the province of Sante Fe, and 
that between this point and the province of Santa-Fe-de-Bogota, a stratum of coal occurs 
at the extraordinary height of 2,700 yards. 

Although Mexico presents a great variety of localities of ores, almost the only ones 
worked are those of silver. Nearly the whole of these mines are situated on the back 
or the flanks of the Cordilleras, especially to the west of the chain, nearly at the height 
of the great table land which traverses this region of the globe, or a little below its 
level in the chains which divide it. They lie in general between 2,000 and 3,000 yards 
above the sea ; a very considerable elevation, which is favorable to their prosperity, 
because in this latitude there exists at that height a mean temperature, mild, salubrious, 
and most propitious to agriculture. There were at the time of Humboldt's visit, from 
4,000 to 5,000 deposites of ore exploited. The workings constituted 3,000 distinct mines, 
which were distributed round 500 head quarters or Reales, These mines are not, how- 
ever, uniformly spread over the whole extent of the Cordilleras. They may be consid- 
ered as forming eight groups^ which altogether do not include a greater space than 
12,000 square leagues ; viz., hanily more than the tenth part of the surface of Mexico. 

These eight groups are, in proceeding from south to north, 

1. The group of Oaxuaca^ situated in the province of this name at the southern extrem- 
ity of Mexico properly so called, toward the 17th degree of north latitude. Besides 
silver mines, it contains the only veihs of gold explored in Mexico. These veins trav- 
erse gneiss and mica-slate. 

2. The group of Tosco, The most part of the mines which compose it are situated 
20 or 25 leagues to the south west of Mexico, toward the western slope of the great 
plateau, 

3. The group of Biscania, about 20 leagues northeast of Mexico. It is of moderate 
extent, but it comprehends the rich workings of Pachuca, Real del Monte, and Moram. 
The district of Real del Monte contains only a single principal vein, named Veta Bezi- 
cana of Real del Monte, in which there are several workings j it is, however, reckoned 
among the richest of Mexico. 

4. The firroup of Zimapan, It is very nfear the preceding, about 40 leagues north- 
west of Mexico, toward the eastern slope of the plateau. Besides numerous silver mines, 
it includes abundant deposites of lead, and some mines of yellow sulphuret of arsenic. 

5. The Central group, of which the principal point is Gruanaxuato, a city of 70,000 in- 
habitatfts, placed at its southern extremity, and 60 leagues N. N. W. of Mexico. It 
comprises among others the famous mine districts of Gnanaxuato, Catorce, Zacatecat, 
Sombrerete; the richest in Mexico, and which alone furnish more than half of all the 
silver which this kingdom brings into circulation. 

The district of Guanaxuato presents only one main vein, called the Veta Madre. This 
vein is enclosed principally. in clay-stnte, to whose beds it runs parallel, but occasionally 
it issues out of them to intersect more modern rocks. The vein is composed of quartz, 
carbonate of lime, fragments of clay slate, &c. ; and includes the sulphurets of iron, of 
lead, and of zinc in great quantities, some native silver, sulphuret of silver, and red 
silver ; its power (thickness of the vein) is from 43 to 48 yards. It is recognised and 
worked throughout a length of upward of 13,000 yards; and contains 19 exploitations, 
which produced annually well on to 1,200,000/. in silver. One of the explorations, that 
of Valenciana, produces 320,000/. ; being equal to about one fifteenth of the total prod- 
uct of the 3,000 mines of Mexico. Since 1764, the period of its discovery, its neat 
annual product has never been less than from two to three millions of francs (80,0001. 
to 120,000/.); and its proprietors, at first men of little fortune, became, in ten years, 
the richest individuals in Mexico, and perhaps in the whole globe. 

The workings of this mine are very extensive, and penetrate to a depth of 550 yards. 
They employ a great many laborers. 

The district of Zacatecas presents in like manner only a single vein in greywacke ; 
which, however, is the seat ot several workings. 

The deposites mined at Catorce are in limestone ; the mine called Purissima de Catoree 
has been explored to about 650 yards in depth ; and yielded, in 1796, nearly 20,000/. 
There are also mines of antimony in the district of Catorce. 
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Toward tlie western part of the group of which we are how speaking, copper mines 
are worked in the provinces of Valladolid and Gnadalaxara ; the ores being chiefly com- 
posed of protoxide of copper (orange copper), snlphnret of copper, and native copper. 
These mines produce about 2,000 metric quintals of copper annually (440,000 lbs. Eng- 
lish). In the same district, ores of tin are collected in the alluvial soils, particularly 
near Mount Gigante. The concretionary oxide of tin, so rare in Europe, is here the 
most common variety. This metal occurs also in veins. 

The central part of Mexico contains many indications of sulphuret of mercury (cin- 
nabar) ; but in 1804 it was worked only in two places, and to an inconsiderable extent. 

6. The group of new Oallicia is situated in the province of this name, about 100 leagues 
N. W. from Mexico. It comprises the mines of Balanos, one of the richest districts. 

7. The group of Durango and Sonora, in the intendancies of the same name. It is 
very extensive. The mines are situated in part on the table land, and in part on the 
western slope. Durango is 140 leagues N. N. W. of Mexico. 

8. Th£ group of Chinuahua, It takes its name from the town of Chinuahua, situated 
100 leagues N. of Durango. It is exceedingly extensive, but of little value ; and ter- 
minates at 29^ 10' of north latitude. 

Mexico possesses, besides, several mines which are not included in the eight preceding 
groups. Thus the new kingdom of Leon, and the province of New Saint-Ander, present 
abundant mines of lead. New Mexico contains copper mines, and many others. 

Lastly, rock salt is mined in several points of New Spain ; and coal seems to occur in 
New Mexico. 

The richness of the different districts of the silver mines or reales is extremely unequal. 
Nineteen twentieths of these reales do not furnish altogether more than one twelfth of 
the total product. This inequality is owing to the excessive richness of some deposites. 
The ores of Mexico are principally veins ; beds and masses are rare. The veins traverse 
. chiefly, and perhaps only, primitive and transition rocks, among which certain porphyries 
are remarked as very rich in deposites of gold and silver. The silver ores are mostly 
sulphuret of silver, black antimoniated sulphuret of silver, muriate of silver (homsilver), 
and gray copper. Many explorations are carried on in certain earthy ores, called 
collorados, similar to the pacos of Peru. Lastly, there are ores of other metals, which 
are worked principally, and sometimes exclusively, for the silver which they contain ; 
such are the argentiferous sulphuret of lead, argentiferous sulphuret of copper, and 
argentiferous sulphuret of iron. 

Ores of very great richness occur in Mexico ; but the average is only from 3 to 4 
ounces per cwt., or from 18 to 25 in 10,000. There are some, indeed, whose estimate 
does not exceed 2} ounces. Almost all the argentiferous veins afford a little gold ; the 
fiilver of Guanaxuato, for example, contains -^1^ . The enormous product of the Mexican 
mines is to be ascribed rather to the great facility of working them, and the abundance 
of ores, than to their intrinsic richness. 

The art of mining was little advanced in this country at the period of Humboldt's 
journey j the workings presented ft combination of small mines, each of which had only 
one aperture above, without any lateral communications between the different shafts. 

The form of these explorations was too irregular to admit of their being called workings 
by steps. The shafts and the galleries were much too wide. The interior transport of the 
ores is generally effected on the back of men ; rarely by mules. The machines for raising 
the ore and drawing off the water are in general ill combined ; and the horse gigs for. 
setting them in motion ill constructed. The timbering of the shafts is very imperfectly 
executed ; the walled portions alone are well done. There are some galleries of drainage, 
but they are too few, and ill directed. Latterly,- English Capitalists and miners have 
formed companies for working the silver mines of Mexico ; which will probably produce 
in tim^a happy revolution. 

The silver ores of Spanish America are treated partly by fusion, and partly by amal- 
gamation, but more frequently by the latter mode ; hence the importation of mercury 
forms there an object of the highest importance, especially since the quicksilver mine of 
Huancavelica fell in, and ceased to be worked. This mine is the only one in Spanish 
America which belongs to the government. For the modem state of these mines, see 

filLVSR. 

The following table shows, according to M. de Humboldt, what was the annual prod- 
uct of the silver mines of South America, at the beginning of this century. It is 
founded in a great measure, upon official documents : — 

Mexico - - - 2,196,140 marcs, or 537,612 kil., worUi JE4,778,000 
Peru ... - 573,958 140,478 1,250,000 

Buenos- Ayres - - 463,098 110,764 984,600 

Chili - - - - 25,957 6,827 60,680 

Total - - - 3,269,163 796,681 7,073,280 
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- To complete our picture of tbe mineral wealth of Spanish America, it resialiiA k> 
speak of its principal gold minea ; but these belong to a geologicsd locality, alluvial sandf 
and gravel, very different from that of our present objects. The most important of theie 
gold sands are washed on the western slope of the Cordilleras; viz., in New Grenada, 
from the province of Barbacoas, to the isthmus of Panama, to Chili, and even to the 
shores of the seas of California. There are likewise some on the eastern slope of the 
Cordilleras, in the high valley of the river Amazons. The washings of New Granada 
produce also some platina. 

The mines, properly so called, and the washings of South America, furnish, altogether, 
42,575 marcs, or 10,418 kilogrammes (22,920 libs. £ng.) of gold, worth 1,435,720^. 

MINES OF HUN6ABT. 

The metallic mines of this kingdom, including those of Transylvania, and the Bannat 
of Temeschwar, form four principal groups, which we shall denote by the group of the 
N.W., group of the N.E., group of the E., and group of the S.E. 

The group of the N.W. embraces the districts of Schemnitz, Kremnitz, Koenigsberg, 
Neuhsohl, and the environs of Schmo&lnitz, Bethler, Rosenau, &>c. 

SchetnnitZy a royal free city of mines, and the principal centre of the mines of Hun- 
gary, lies 25 leagues to the north of Buda, 560 yards above the sea, in the midst of a 
small group of mountains covered with forests. The most part of these mountains, the 
highest of which reaches an elevation of 1,130 yards above the ocean, are formed of 
barren trachytes (rough trap rocks) ; but at their foot below the trach3rtic formation, 
a formation is observed, consisting of green-stone porphyries, connected with syenites,, 
passing into granite and gneiss, and including subordinate beds of mica-slate and lime- 
stone. It is in this formation that all the mines occur. 

It has been long known that the green-stone porphyries of Schemnitz have intimate 
relations with the metalliferous porphyries of South America. M. Beadant, on com- 
paring them with those brought by M . de Humboldt from Guanaxuato, Real del Monte, 
&c., has recognised an identity in the minutest details of color, structure, composition, 
respective situation of the diiferent varieties, and even in the empirical character of 
effervescence with acids. The metalliferous rocks appear at Schemnitz only in a space 
of small extent, comprehended partly in a small basin, of which the city occupies the 
south border. They are traversed by veins which, for the most part, cut across the strati- 
fication, but which also are sometimes obviously parallel to it. These veins are in 
general very powerful ; their thickness amounting even to more than 40 yards, but their 
extent in length seems to be usually inconsiderable. They are numerous and parallel 
to each other. It appears that they have no side plates of vein-stones (aaUebandes), birt 
that the metalliferous mass reposes immediately on the cheeks or sections of the rock, 
which is usually more or less altered, and includes always much pyrites near the poiat 
4>f contact, and even to a distance of several feet. The substances which constitute the 
body of these v^ins, are drusy quartz, carious quartz, ferriferous carbonate of lime, and 
sulphate of barytes, with which occur sulphuret of silver mixed with native silver 
containing more or less gold, which is rarely in visible scales ; sulphuret of silver, arg«^ 
tiferous galena, blende, copper and iron pyrites, &c. The sulphuret of silver and the 
galena are the two most important ores. Sometimes these two substances are insulated, 
sometimes they are mixed in different manners so as to furnish ores of every degree of 
richness, from such as yield 60 per cent, of silver down to the poorest galena. The gold 
seldom occurs alone ; it generally accompanies the silver in a very variable proportion, 
which most usually approaches to that of 1 to 30. 

The ores of Schemnitz are all treated by fusion ; the poor galenas at the smelting 
house of Schemnitz (bleyhutte), and the resulting lead is sent as working lead* to the 
smelting-houses of Kremnitz, Neusohl, and Schernowitz, whither all the silver ores 
prepared in the different spots of the country are transported in order to be smelted. 

The mines of Schemnitz, opened 800 years ago, have been worked to a depth of more 
than 350 yards. The explorations are in general well conducted. Excellent galleries < 
of efflux have been excavated ; the waters for impulsion are collected and applied' 
with skill. It may be remarked, however, that these mines begin to decline from the 
state of prosperity in which they stood several years ago ; a circumstance to be ascribed 
probably to the same pains being no longer bestowed on the instruction of the officers 
appointed to superintend them. Maria Theresa established in 1760, at Schemnitz, a* 
school of mines. This acquired at its origin, throughout Europe, a great celebrity,, 
which it has not been able to maintain. 

Kremnitz lies about five leagues N.N.W. of Schemnitz, in a valley flanked on the 
right by a range of hills formed of rocks quite analogous to the metsdliferous rocks of 
Schemnitz. In the midst of these rocks, veins are worked nearly similar Ao those of 
Schemnitz ; but the quartz which forms their principal mass is more abundant, and con*. 
Jains more natiTe gold./ Here also arefbundsulphuretandhydrosulphnretpf antimony^, 
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which do not occur at Schemnitz. The metalliferous district is of very moderate extent, 
and is surrounded by the trachytic district which- overlies it, forming to the east and 
west considerable mountains. 

The city of Kremnitz is one of the most ancient free royal cities of mines in Hun- 
gary. It is said that mines were worked there even in the times of the Romans ; but 
it is the Germans who, since the middle ages, have given a great development to these 
exploitations. There exists at Kremnitz a mint-office, to which all the gold and silver 
of the mines of Hungary are carried in order to be parted, and where all the chemical 
processes, such as the fabrication of acids, &.C., are carried on in the large way. 

About six leagues N.N.E. from Schemnitz, on the banks of the Gran, lies the little 
village orNeusohly founded by a colony of Saxon miners. The mountains surrounding 
it include mines very different from those of which we have been treating. At Herren- 
grand, two leagues from Neusohl, greywacke forms pretty loAy mountains ; this rock is 
covered by transition limestone, and is supported by mica-slate. The lower beds con- 
tain bands of copper ores, chiefly copper pyrites. The mica-slate includes likewise 
masses of ore, apparently constituting veins in it. These ores have been worked since 
the 13th century. The copper extracted contains in a hundred weight six ounces of 
silver. 

Eighteen or twenty leagues to the east of Neusdkl, we meet with a country very rich 
in iron and copper mines, situated chiefly in the neighborhood of Bethler, Schmoeinitz, 
Einsiedael, Rosenau, &c. Talcose and clay slates form the principal body of the moun- 
tains here, along with horneblende rocks. The ores occur most usually in strata. Those 
of iron, or sparry ore, and especially hydrate of iron, compact and in concretions, ac- 
companied with specular iron ore. They give employment to a great many large 
smelting-houses. The county of Goemar alone contains 22 works ; and that of Zips 
also a great number. The copper mines lie chiefly in the neighborhood of Schmcelnitz 
and Goelnitz. The copper extracted contains about six or seven ounces of silver in the 
hundred weight. Near Zalathna there is a quicksilver mine nearly inactive ; and near 
Rosenau one of antimony. 

To conclude our enumeration of the mineral wealth of this country, it remains merely 
to state that there are apal mines in the environs of Czervenitza, placed in the trachytic 
conglomerate. 

GROUP OF THE NORTHEAST, OR OF NAGABANYA. 

The mines of this group lie in a somewhat considerable chain of mountains, which, 
proceeding from the frontiers of Buchowina, where it is united to the Carpathians, finally 
disappears amid the saliferous sandstones between the Theias, Lapos, and Nagy Szamosy 
on the northern frontiers of Transylvania. These mountains are partly composed of 
rocks analogous to those of Schemnitz, traversed by veins which have much resemblance 
to the veins of this celebrated spot. Into these veins a great many mines have been 
opened, the most imx>ortant of which are those of Nagabanya, Kapnick, Felsobanya, 
Miszbanya, Ls^posbanya, Olaposbanya, Ohlalapos. All these mines produce gold. Those 
of Laposbanya furnish, likewise, argentiferous galena; those of Olaposbanya contain 
copper and iron ; and those of Kapnick copper. Realgar occurs in the mines of Felso- 
banya ; and orpiment in those of Ohlalapos. Several of them produce manganese and 
sulphuret of antimony. Lastly, toward the north, in the county of Marmarosh, lies 
the important iron mine of Borscka, and on the frontiers of Buchowina the lead mine 
of Radna, in which also much zinc ore occurs. * 

The mines composing the group of the East, or of jlbrudbanya, occur almost all in the 
mountains which rise in the western part of Transylvania, between Lapos and Maros, in 
the environs of jSbrudbanyft, M. Beudant notices in this region, limestones, sandstones, 
trachytes, basalts, and sienite porphyries, apparently quite analogous to the greenstone 
porphyries of Schemnitz. It seems to be principally in the latter rocks that the mines 
forming the wealth of this country occur ; but some of them exist also in the mica- 
slate, the greywacke, and even in the limestone. The principal mines are at Nagyag, 
Korosbanya, Vorospatak, Boitza, Csertesch, Fatzbay, Almas, Porkura, Butschum, and 
Stonischa. There are, in all, 40 exploitations ; the whole of which produce auriferous 
ores smelted at the foundry of Zalathna. These mines contain also copper, antimony, 
and manganese. They are celebrated for their tellurium ore, which was peculiar to them 
prior to the discovery of this metal a few years back in Norway. The auriferous de- 
<posites contained in the greenstone porphyry are often very irregular. The mines of 
Nagyag are the richest and best worked. The numerous veins occur partly in the 
sienite porphyry, and partly in the greywacke. The auriferous ore is accompanied with 
galena, realgar, manganese, iron, and zinc. There are iron mines in great beds near 
Vayda-Huniad and Gyalar. Some Cobalt mines are also noticed. 

The group of the S. E., or of the Bamnai of Temeschwar, occurs in the mountains which 
block up the valley of the Danube at Orschova, through a narrow gorge of which the 
.river escapes. The prinqpal mines are at Oravitza, Moldawa, Ssask^i, and Dognaaczka. 
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They produce chiefly argentiferotis copper, yielding a marc of silver (nearly | pound) 
in the hundred weight, with occasionally a little gtold. Ores of lead, zinc, and iron, 
are also met with. The mines are famous for their beautiful specimens of blue car- 
bonate of copper, and various other minerals. The mine of Moldawa aiibrds likewise 
orpiment. These metallic deposites lie in beds and veins ; the former occurring par- 
ticularly between the mica-slate and the limestone, or sometimes between the limestone 
and the sienite porphyry. Well-defined veins also are known to exist in the sienite 
and the mica-slate. The Bannat possesses moreover important iron-mines at Dom- 
brawa and Ruchersberg; near Dombrawa sulphuret of mercury is found. Cobalt 
mines occur likewise in these regions. 

The mines constituting the four groups now described are not the sole metallie 
mines possessed by Hungary. A few others, but generally of little importance, are 
scattered over different parts of this kingdom. Several have been noticed in the 
portion of the Carpathians which separates Transylvania from Moldavia and Wallachia. 
Their principal object is the exploration of some singular deposites of galena. 

Besides the mines just noticed, Hungary contains some coal mines, numerous minea 
of rock salt, and several deposites of golden sands situated chiefly on the banks of the 
Danube, the Marosch, and the Nera. 

The mines of the kingdoifi of Hungary produce annually, according to M. Heron de 
Yillefosse, 5,218 mares, or 2,810 pounds English of gold, worth 175,976/. ; and about 
85,000 marcs, or 45,767 pounds of silver, worth 186,132/. The mines of Transylvania 
furnish nearly the half of the whole quantity of gold, and one seventeenth of the silver 
now stated. The other mines of Europe produce together nearly twice as much silver, 
but merely a few marcs of gold. Hungary affords besides from 18,000 to 20,000 
metric quintals (about 4,000,000 libs. English) of copper annually, and a great deU 
of iron. 

From these mines proceed likewise from 3,000 to 4,000 metric quintals (660,000 to 
880,000 libs. Eng.) of lead ; a quantity not more than is needed by the refining-houses 
for the ores of silver and gold. 

MINES OF THE ALTAYAN MOUNTAINS. 

At the western extremity of the chain of the Altayan mountains, which separate 
Siberia from Chinese Tartary, there exists a iv^mber of metalliferous veins, in which 
several important works have been established since the year 1742. They constitute 
the locality of the mines of Koly wan ; the richest in the precious metals of the three 
districts of this kind existing in Siberia. 

These mines are opened up in the schistose formations which surround to the N. and 
W. and to the S.W. the western declivity of the high granitic chain, from which they are 
separated by formations consisting of other primitive rocks. These schists alternate in 
some points with quartzose rocks, called by M. Renovantz homstone, aod with lime- 
stone. They are covered by a limestone, replete with ammonites. The metalliferous 
region forms a semicircle, of which the fiwt lofty mountains occupy the centre. 

The most important exploration of this country is the silver mine of Zmeof, or 
Zmeinogarsk, in German Schlan^enberg, situated to the N.W. of the high mountains 
in 51® 9'25'N. L. and 79° 49' 50' long, east of Paris. It is opened on a great 
vein, which contains argentiferous native gold, auriferous native silver, sulphuret of 
silver, hornsilver, gray copper, sulphuret of copper, green and blue carbonated copper, 
red ofide of copper, copper pyrites, sulphuret of lead, and great masses of testaceous 
arsenic slightly argentiferous. There occur likewise sulphuret of zinc, iron pyrites, 
and sometimes arsenical pyrites. The gangues (vein-stones) of these different ores are 
sulphate of baryta, carbonate of lime, quartz, but rarely fluate of lime. The principal 
vein, which is of great power, has been traced through a length of several hundred 
fathoms, and to a depth of no less than 96 fathoms. In its superior portion, it has an 
inclination of about 50 degrees ; but lower down it becomes nearly vertical. Its roof 
is always formed of clay-slate. On the floor of the vein, the slate alternates with hom- 
stone. This vein pushes out branches in several directions ; it is intersected by barren 
veins, and presents successive stages of different richness. The first years were the 
most productive. The German miners employed Subsequently by the Russian govern- 
ment have introduced regularity into the workings j and have excavated a gallery of 
efflux 585 fathoms long. 

The most important of the other silver mines of this department are those of Tchere- 
panofski, 3 leas^ues S.E. of Zmeof; those of Smenofski, 10 leagues S.E. ; those d 
Nicolaiski, 20 leagues to the S.S.W. ; and of Philipofski, 90 leagues S.E. of the 
same place. The last mine lies on the extreme frontier of Chinese Tartary. It is not 
known whether the southern slope of the Altaic chain within the Chinese territories, 
contains metalliferous deposites. 

The ores extracted from these diflerent mines yield on an average per quintal an 
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ounce of silver, whi^h contains 3 per cent, of gold. Their annnal product was toward 
178^, according to M. Patrin, 3,000 marcs, or 1,615 libs, avoirdupois of gold, worth 
101,1512. ; and 60,000 marcs, or 31,020 libs, avoird. or silver, worth 130,5202. 

The precious metals are not the sole product of this mineral district. There is an 
important copper-mine 15 leagues N.W. of Zmeof, in a chain of hDIs formed of gra- 
nitic rocks, schists, porphyries, and shell-limestone, graduating into the plain. The 
rein presents copper pyrites, sulphuret of copper, and native copper, disseminated in 
argillaceous substances, mor^ or less ferruginous, and of different degrees of hardness. 
This mine, which bears the name of Aleiski-Loktefski, furnished annually at the date 
of 1782, 1,500 quintals (metric), or 330,000 libs, avoird. of copper, which was coined 
into money in the country itself. 

At Tchakirskoy, on the banks of the Tscharisch, toward the northern extremity of 
the metalliferous semicircle, mentioned above, there is a mine of argentiferous copper 
and lead, opened in a very large but extremely short vein. Besides the lead and 
copper ores, including a little silver, this mine afford^ a great quantity of ealamine 
(carbonate of zinc), which forms occasionally fine stalactites of a white or green color. 

The northern flank of the Altai mountains presents few mines. Some veins of 
copper exist 2,000 leagues east of Zmeof, near the spot where the river Janissei issues 
from the Saianean mountains, which are a prolongation of the Altayan chain. 

There is no lead-mine, properly so called, in the Altai' mountains. Almost all the 
lead which is required for the treatment of the silver and gold ores is obtained from the 
department of Nertehinsk, situated 700 leaimes off, on the borders of the river Amawr, 

The first smelting-house erected in this district was in the middle of the metalliferous 
region at Kolywan, the place from which it takes its name. It has been suppressed on 
account of the dearth of wood in the neighborhood of the mines. The principal exist- 
ing foundry it that of Bomaoul on the Ob, 50 leagues north of Zmeof. 

MINES OF THE UBAX MOUNTAINS. 

This chain of mountains, which begins on the coasts of the icy sea, and terminates 
in the 50th degree of latitude amid the steppes of the Kerguis, after having formed, 
through an extent of more than 40 leagues, the natural limit between Europe and 
Asia, contains very rich and very remarkable deposites of metallic ores, which have 
given rise to important mines of iron, copper, and gold. These explorations are 
situated on the two slopes, but chiefly on the one that looks to Asia, from the environs 
of Ekaterinbourg to about 120 or 130 leagues north of thai city. They constitute the 
department of the mines of Ekaterinbourg, one of the three belonging to Siberia. 

The copper-mines are pretty numerous, and lie almost wholly on the oriental sloi>e 
of the chain. They are opened into veins of a very peculiar nature, and which although 
▼«ry powerful at the surface, do not extend to any considerable depth. These veins 
are in general filled with argillaceous matters, penetrated with red oxide of ^copper, and 
mingled with green and blue carbonated copper, sulphuret of copper, and native copper. 
The most important workings are those of TouHnski and Gronmechafiki, 

The first are situated 120 leagues north of Ekaterinbourg, toward the 60th degree 
ef N. latitude, at the eastern base of the Uralian mountains, near the banks of the Touria, 
They amount to three, opened in the -same vein, which turns round an angle presented 
by the chain in this place. The ground is composed of a porphyry with a hornstone 
basis of clay-slate, and of a white or grayish limestone, which form the roof and floor 
of the veki. The ore yields from 18 to 20 per cent., and these mines produced annually 
in 1786, 10,000 metric quintals (2,200,000 libs, avoird.) of copper. 

The mine of Goumechefski lies 12 or 15 leagues S.W. of Ekaterinbourg, near a 
ledce bordered by primitive mountains, which form in this region the axis of the chain 
of the Urals. This mine is celebrated for the beautiful malachites that occur in it. 
It has furnished almost all the fine specimens of this substance employed in jewellery. 
The vein, of which the sides are calcareous, is vertical, and runs north and south. 
It does not sink deeper than about 50 yards, and is filled with a species of coarse 
yadding-stone, composed of masses of primitive rocks. The ore yields from 3 to 4 
per cent, of copper, and the mine furnished about the year 1786, 4,400,000 libs, avoird. 
of this metal per arnmrn. 

The beds of iron ore occur generally at a certain distance from the axis of the 
central chain. Those of the western slope lie sometimes in a gray compact limestone, 
which contains ewhrochi and other petrifications, and whose geological age has not been 
ascertained, but it appears to be much more modem than the rocks of the central chain. 
Both the one and the other seem to form large veins, which extend little in depth, or 
lather fill irregular and shallow cavities. The most common ore is the hydrate of iron 
(bog ore), hematite, or compact iron ore, sometimes mixed or accompanied with hydrate 
of manganese, and occasionally with ores of zinc, copper, and lead. Black oxide 
of iron, possessing magnetic polarity, likewise frequenUy occurs, particularly in the 
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mines of the eastern slope, on which, in fact, entire mountains of loadstone repose. AH 
these ores, mixed -with a greater or less quantity of clay differently colored, are 
worked by open quarries, and most usually without using gunpowder, or even iron 
wedges. They yield rarely less than 60 or 60 per cent., and keep in action numerous 
smelting-houses situated on the two flanks of the chain ; the oldest of them have been 
established since 1628, but the greater number date only from the middle of the 18th 
century. The most celebrated mines are those of Balgodat and Ketkanar, situated on 
the eastern slope from 30 to 50 leagues north of Ekaterinbourg. In the foundries of 
the eastern slope, anchors, cannons, bullets, &.C., are fabricated ; and in the whole a 
considerable quantity of bar iron. The products of the works on the western side are 
directly embarked on the different feeders of the Volga, from which they are at no 
great distance. Those of the eastern slope are transported during winter on sledges to 
the same feeder streams, after crossing the least elevated passages of the Urals. 

The quantity of materials fabricated by the iron- works of both slopes, amounted 
annually, toward the year 1790, to more than 11,000,000 lbs. avoird. This country 
is peculiarly favored by nature for this species of industry ; for vast deposites of excel- 
lent iron ores occur surrounded by immense forests of firs, pines, and birches ; woods, 
whose charcoal is excellently adapted to the fabrication of iron. 

The copper-mines of the Uralian mountains, and the greater part of the iron mines 
and foundries, form a portion of the properties of some individuals, who may be in- 
stanced as among the richest in Europe. The Russian government has neglected no 
opportunity oC promoting these enterprises. It has established at Tourinsky a consid- 
erable colony, and at Irbitz a fair which has become celebrated. 

There is only one gold mine in the Ural mountains, that of Beresof, situated three 
leagues N.£. of Elkaterinbourg, at the foot of the Ursils, on the Asiatic side. It is 
famous for the chromate of lead, or red lead ore, discovered there in 1776, and worked 
in the following years, as^lso for some rare varieties of minerals. The ore of Beresof 
is a cavernous hydrate of iron (bog ore), presenting here and there some small striated 
cubes of hepatic iron, and occasionally some pyrites. It contains 5 parts of native 
gold in 100,000. This deposite appears to have a great analogy with the deposites of 
iron ore of the same region. ' It constitutes a large vein, running from N. to S., 
encased in a formation of gneiss, hornblende schists, and serpentine, and which does not 
appear to dip to any considerable depth. It becomes poor in proportion to its distance 
from the suiiface. The exploitation, which is in the open air, has dug down 25 yards ; 
having been carried on since the year 1726. The gold is extracted from the ore by 
stamping and washing. In 1786, 500 marcs were collected ; but the preceding y^an 
had furnished only 200, because they then worked further from the surface. German 
miners were called in to direct the operations. On some points of the Ural mountains, 
and the neighboring countries, deposites of an auriferous clay have been noticed ; but 
they have not hitherto been worked. 

Beds of chromate of iron have also been discovered in these mountains. 

The beautiful plates of mica, weU known in mineral cabinets, and even in commerce, 
under the name of Muscovy talc, or Russian mica, come from the Urals. There are 
explorations for them near the lake Tschebarkoul, on the eastern flank of this chain. 
From the same canton there is exported a very white clay, apparently a kaolin, 

25 leagues north of Ekaterinbourg, near the town of Mourzinsk, there occur in a 
graphic granite, numerous veins, containing amethysts, several varieties of beryl, emer- 
alds, topazes, &c. 

Table of the Production of the Russian Mines during the years 1830, 1831, 1832, 1833, 
^ and 1834 ; by M. Teploff, one of their officers. 



Substances. 


1830. 


1831. 


183S. 


1833. 


1834. 


Gold - - 

Platinum 

Auriferoussilver 


kU. 
6,260 
1,742 
20,974 


kil. 
6,582 
^ 1,767 
21,563 


fei7. 
6,916 
1,907 
21,454 


kiL 
6,706 
1,919 
20,662 
(3) 
3,387,252 
716,500 
(3) 
159,118,372 


kU. 
6,626 
1,695 
20,666 


Copper - 
Lead - 


8,860,696 
698,478 


3,904,533 
792,935 


3,620,201 
688,351 


? 
? 


Cast iron 


182,721,274 


180,043,730 

(2) 
282,821,358 
9,774,998 
4,253,000 


162,480,224 


? 


Salt - - 
Coal - - 
Naphtha 


342,240,893 
7,863,642 
4,253,000 


372,776,283 
6,596,034 
4,253,000 


4M,862,299 
8,227,528 
4,253,000 


? 
? 
? 
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MINES OF THE VOSOES AND THE BLACK FOREST. 

These mouiitains contaia several centres of exploration of argentiferous ores of lead 
and copper, iron ores, and some mines of manganese and anthracite. 

At the Croix-aux-mines, department of the Vosges, a vein of argentiferous lead has 
been worked, which next to the veins of Spanish America, is one of the greatest known. 
It is several fathoms thick, and has been traced and mined through an extent of more 
than a league. It is partly filled with debris, among which occurs some argentiferous 
galena. It contains also phosphate of lead, antimoniated sulphuret of silver, &c. 
It runs from N. to S. nearly parallel to the line of junction of the gneiss, and a por- 
phyroid granite, that passes into sienite and porphyry. In several points it cuts across 
the gneiss ; but it probably occurs also between the two rocks. It has never been worked 
below the level of the adjoining valley. The mines opened on this vein produced, it 
is said, at the end of the 16th century, 26,000/. per annum ; 'they were still very pro- 
ductive in the middle of the last century, and furnished, in 1756, 2,640,000 lbs. avoird. 
of lead, and 6,005 marcs, or 3,230 pounds avoird. of silver. 

The veins explored at SairUe Marie of the miriea, also traverse the gneiss ; but their 
direction is nearly perpendicular to that of the vein of the Croix, from which they are 
separated by a barren mountain of sienite. They contain besides galena, several ores 
of copper, cobalt, and arsenic ; all more or less argentiferous. There is found also at a 
little distance from Saint Mary of the mines a vein of sulphuret of antimony. The 
mines of Sainte Marie, opened several centuries ago, are among the most ancient in 
FrAnce ; and yet they have been worked only down to the level of the adjoining 
valleys. 

There has been opened up in the environs of Giromagny, on the southern verge of the 
Vosges, a great number of veins, containing principally argentiferous ores of lead and 
copper. They run nearly from N. to S., and traverse porphyries and clay-slates ; a 
system which has some analogy with the metalliferous district of Schemnitz. The 
workings have been pushed so far as 440 yards below the surface. These mines were 
in a flourishing state in the 14th and 16th centuries ; and became so once more at the 
beginning of the 17th, when they were undertaken by the house of Mazarin. In 1743 
they still produced 100 marcs, fully 62 libs, avoird. of silver in the month. 

The mines of La Croix, of Sainte-Marie-aux-mines, and of Giromagny, are now 
abandoned ; but it is hoped that those of the first two localities will be resumed ere 
long. 

In the mountains of the Black Forest, separated from the Vosges by the valley of the 
Rhine, but composed of the same rocks, there occur at Badenweiler and near HocJiberg, 
not far from Freyburg, workings of lead in great activity. These form six distinct 
mines, and annually afford 88,000 libs, avoird] of lead, and 200 marcs of silver. In the 
Furstenberg near Wolfach, particularly at Wittichen, there are mines of copper, cobalt, 
and silver. The mines of Wittichen produced, gome years ago, 1,600 marcs, or near 
880 libs, avoird. of silver per annum. They supply a manufactory of smalt, and one of 
arsenical products. A few other inconsiderable mines of the same kind exist in the 
grand dutchy of Baden, and in the kingdom of Wurtemberg. 

Several important iron mines are explored in the Vosges ; the principal are those of 
Framont, in the department of the Vosges, whose ores are red oxide of iron and brown 
hematite, which appear to form veins of great thickness, much ramified, and very 
irregular, in a district composed of greenstone, limestone, and greywacke. The sub- 
terranean workings, opened on these deposites, have been hitherto very irregular. There 
has been discovered lately in these mines, an extremely rich vein of sulphuret of copper. 
At Rothau, a little to the east of Framont, thin veins of red oxide of iron are worked j 
sometimes magnetic, owi^g probably to an admixture of protoxide of iron. These veins 
run through a granite, that passes into sienite. At Saulnot near Belfort, there are 
iron mines, analogous to those of Framont. 

In the neighborhood of Ihann and Massovaux, near the sources of the Moselle, veins 
are worked of an iron ore, that traverse formations of greywacke, clay-slate, and por- 
phyry. Lastly, in the north of the Vosges, near Bergzabem, Erelenbach, and Schenau, 
several mines have been opened on very powerful veins of brown hematite and compact 
bog ore, accompanied with a little calamine, and a great deal of^sand and debris. In 
some points of these veins, the iron ore is replaced by various ores of lead, the most 
abundant being the phosphate, which are explored at Erlenbach aRdKalzenihal, These 
▼eins traverse the sandstone of the Vosges, a formation whose geological position is not 
altogether well known, but which contains iron mines analogous to the preceding at 
Langenihal, at the foot of Mount Tonnerre, and in the palatinate. Many analogies 
seem to approximate to the sandstone of the Vosges, the sandstone of the environs of 
Saint Avoid (Moselle), which include the mine of brown hematite of Creutzwald, and 
the lead mine of Bleyberg, analogous to the lead mine of Bleyberg^ neax Aiz-la- 
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At Cruiinich and Tholey, to the north of the Sarrehruck, mines of manganese are 
worked, famous for the good quality of their products. The deposite exploited at Crutt- ^ 
nich seems to be enclosed in the sandstone of the Vosges, and to constitute a vein in it, 
analogous to the iron veins mentioned above. 

There has been recently opened a manganese mine at LaveUine, near La Croix-aux- 
mines, in a district of gneiss with porphyry. 

In the Vosges and the Black Forest there are several deposites of anthracite (stone- 
coal), of which two are actually worked, the one at Zunswir, near Offenbourg, in the * 
territory of Baden, and the other at Uvoltz, near Cernay, in the department of the Upper 
Khine. There are also several deposites of the true coal formation on the flanks of the 
Vosges. 

MINES OF THE HABTZ. 

The name Hartz is given generally to the country of forests, which extends a great 
many miles round the Brocken, a mountain situated about 55 miles W.S.W. of Magde- 
bourg, and which rises above all the mountains of North Germany, being at its summit 
1226 yards above the level of the sea. The Hartz is about 43 miles in length from 
S.S.E. to N.N.W., 18 miles in breadth, and contains about 450 square miles of surface. 
It is generally hilly, and covered two thirds over with forests of oaks, beeches, and firs. 
This rugged and picturesque district corresponds to a portion of the Silva Hercynia of 
Tacitus. As agriculture furnishes few resources there, the exploration of mines is 
almost the only means of subsistence to its inhabitants, who amount to about 50,000. 
The principal cities, ^ndreasberg, Clausthal, Zellerfeldy JlUenait, Lauienthal, TVildemann, 
Chrund, and Goslar, bear the title of mine-cities, ana enjoy peculiar privileges ; the people 
deriving their subsistence from working in the mines of lead, silver, and copper, over 
which their houses are built. 

The most common rock in the Hartz is greywacke. It encloses the principal veins, 
and is covered by a transition limestone. The granite of which the Brocken is formed 
supports all this system of rocks, forming, as it were, their nucleus. Trap and hornstone 
rocks appear in certain points. 

The veins of lead, silver, and copper, which constitute the principal wealth of the ' 
Hartz, do not pervade its whole extent. They occur chiefly near the towns of Andreas- 
berg, Clausthal, Zellerfeld, and Lautenthal ; are generally directed from N.W. to S.E., 
and dip to the S.W., at an angle of SOP with the horizon. 

The richest silver mines are those of the environs of Andreasberg, among which may 
be distinguished the Samson and Newfang mines, worked to a depth of 560 yards. In 
the first of them there is the greatest step exploitation to be met with in any mine. It 
is composed of 80 direct steps, and is more than 650 yards long. These mines were 
oiscovered in 1520, and the city was built in 1521. They produce argentiferous galena, 
with silver ores properly so called, such as red silver ore, and ore of cobalt. 

The district which yields most argentiferous lead is that of Clausthal ; it comprehends 
a great many mines, several of which are worked to a depth of 550 yards. Such of the 
mines as are at the present day most productive, have been explored since the first years 
of the eighteenth century. The two most remarkable ones are the mines of Dorothy, 
and the mine of Caroline, which alone furnish a large proportion of the whole net prod- 
uct. The grant of the Dorothy mine extends over a length of 257 yards, in the direc- 
tion of the vein, and through a breadth of nearly 22 yards perpendicularly to that direc- 
tion. Out of these bounds, apparently so small, but which however surpass those of the 
greater part of the concessions in the Hartz, there was extracted from 1709 to 1807 in- 
clusively, 883,722 marcs of silver, 768,845 quintals of lead, and 2,385 quintals of copper. 
This mine and that of Caroline have brought to their shareholders in the same period 
of time, more than 1,120,000/. ; and have besides powerfully contributed by loans with- 
out interest to carry on the exploration of the less productive mines. It was in order 
to efiect the drainage of the mines of the district of Clausthal, and those of the district 
of Zellerfeld adjoining, that the great gallery of efflux was excavated. 

Next to the two districts of Clausthal and Zellerfeld, and Andreasberg, comes that of 
Goslar, the most important working in which is the copper mine of Rammelsberg, opened 
since the year 968, on a mass of copper pyrites, disseminated through quartz, and min- 
gled with galena and blende. It is worked by shafts and galleries, with the employment 
of fire to break down the ore. This mine produces annually from 1,200 to 1,300 metric « 
quintals (about 275,000 libs, avoird.) of copper. The gfilena extracted from it yields a 
small quantity of silver, and a very little gold. The latter metal amounts to only the 
five-millionth part of the mass^ explored ; and yet means are found to separate it with 
advantage. The mine of Lauierberg is worked solely for the copper, and it furnishes 
annually near 66,000 libs, avoird. of that metal. 

Besides the explorations just noticed, there are a great many mines of iron in difier- 
ent parts of the Hartz, which give activity to important forges, including 21 smelting 
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cupolas. The priocipal ores are sparry iron, and red and brown hematites, which occur 
in veins, bed^, and masses. Earthy and alluvial ores are also collected. 

The terrilorj' of Anhalt-Bembourg presents, toward the southeast extremity of the 
Hartz, lead and silver mines, which resemble closely those of the general district. They 
produce annually 33,000 libs, avoird. of lead. 

At the southern foot of the Hartz, at Ilefeld, tfiere is a mine of manganese. 

The exploration of the Hartz mines may be traced back for about 900 years. The 
epoch of their greatest prosperity was the middle of the eighteenth century. Their gross 
annual amount was in 1808 upward of one million sterling. Lead is their principal 
product, of which they furnish annually 6,600,000 libs, avoird., with 36,000 marcs, or 
18,700 libs, avoird. of silver, about 360,000 libs, avoird. of copper, and a very great 
quantity of iron. They are celebrated for the exceflence of the mining operations ; and 
the activity, patience, and skill, of their workmen. 

The Hartz is referred to especially for the manner in which the waters are collected 
and economized for floating down the timber, and impelling the machinery. With this 
view, dams or lakes, canal^, and aqueducts, have been constructed, remarkable for their 
good execution. The water-courses are formed either in the open air round the moun- 
tain>sides, or through their interior as subterranean galleries. The open channels col- 
lect the rain-waters, as well as those proceeding from the melting of snows, from the 
springs and streamlets, or small rivers that fall in their way. The subterranean con- 
duits are in general the continuation of the preceding, whose circuits they cut short. 
These water-courses present a development in whole of 125 miles. The banks of some 
of the reservoirs are of an extraordinary height. . In the single district of Clausthal 
there are 34 tanks, which supply water to 92 wheels of nearly 30 feet diameter ; 55 of 
these serve for the drainage of water, and 37 for the extraction of ores. 

MINES OF JHE EAST OF GERMANY. 

We shall embrace under this head the mines opened in the primitive and transition 
territories, which constitute the body of a great portion of Bohemia, and the adjacent 
parts of Saxony, Bavaria, Austria, Moravia, and Silesia. 

Among the several chains of small mountains that cross these countries, the richest 
in deposites of ore is the one known under the name of the Erzgebirge, which separate 
Saxony from Bohemia on the left bank of the Elbe. 

The Erzgebirge contains a great many mines, whose principal products are silver, tin^ 
and cobalt. These mines, whose exploration remounts to the twelfth century, and par- 
ticularly those situated on the northern slope within the kingdom of Saxony, have been 
long celebrated. The school of mines established at Freyberg was at one time consid- 
ered as the first in the world. This is a small city near the most important workings, 
8 leagues W.S.W. of Dresden, toward the middle of the northern slope of the Erzge- 
birge, 440 yards above the level of the sea, in an agricultural and trading district, well 
cleared of wood. These circumstances have modified the working of the mines, and 
render it difiicult to draw an exact parallel between them and those of the Hartz, which 
are their rivals in good exploration ; they are peculiarly remarkable for the perfection 
with which the engines are executed both for drainage and extraction of ores, all moved 
by water or horses ; for the regularity of almost all the subterranean labors ; and for 
the beauty of their walling masonry. In the portion of these mountains belonging 
to Saxony, the underground workings employ directly from 9,000 to 10,000 men, who 
labor in more than 400 distinct mines, all associated under the sam^ plan of adminis- 
tration. 

The silver mines of the Erzgebirge are opened on veins which traverse gneiss, and 
though quite different in this respect from the argentiferous veins of Gttaruusuato, 
SchemnilZy and Zmeqf, present but a moderate thickness, never exceeding a few feet. 
They form several groups, whose relative importance has varied very much. 

For a long time back, those of the environs of Freyberg are much the most produc- 
tive ; and their prosperity has been always on the advance, notwithstanding the increas- 
ing depth of the excavations. The deepest of the whole is that of Kuhschacht, which 
penetrates to 450 yards beneath the surface, that is, nearly down to the sea-level. The 
most productive and the most celebrated is the mine of Himmelsfiirst ; that of Beschert- 
gluck is also very rich. 

Among the explorations at Erzgebirge, there are none which were formerly so flour- 
ishing as those of Marienberg, a small town situated 7 leagues S.S.W. of Freyberg. In 
the sixteenth century, ores were frequently found there, even at a short distance from 
the surface, which yielded 85 per cent, of silver. The disasters of the thirty years' war 
put a term to their prosperity. Since that period, they have continually languished; 
and their product now is nearly null. 

Our limits do not permit us to describe in detail the silver mines that occur near 
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EhrenfriederadcTf, Johawna-Oeorgenatadt, AtmaUrg, ObirufiuMthal, and Schnetherg. 
Those of the last three localities produce also cobalt. 

The mines of Saint-Georges, near Schneeberg, opened in the fifteenth century as iron 
mines, became celebrated some time after as mines of silver. Toward the end of the 
fifteenth centary, a mass of ore was found there which afforded 400 quintals of silver ; on 
that lump, Duke Albert kept table at the bottom of the mine. Their richness in silver 
has diminished since then ; but they have increased more in importance during the last 
two hundred years, as mines of cobalt, than they had ever been as silver mines. Saxony 
is the country where cobalt is mined and extracted in the most extensive manner. It 
is obtained from the same veins with the silver. Smalt, or cobalt-blue, is the principal 
substance manufactured from it. The lead and the copper are in this country only ac- 
cessory products of the silver mines, from which 120,000 lbs. avoird. of the first of these 
metals* are extracted, which are hardly sufficient for the metallurgic operations ; and 
from 50,000 to 60,000 lbs. of copper. A little bismuth is extracted from the mines of 
Schneeberg and Freyberg. Some manganese is found in the silver mines of the Erzge- 
birge, and particularly at Johanna-Georgenstadt. 

The mines oi Saxony produce a little argentiferous galena, and, argentiferous gray 
copper ; the minerals with a base of native silver are the principul ol-es j they are treated 
in a great measure by amalgamation. All those of Freyberg are carried to the excel- 
lent smelting-house of Halsbriick, situated on the Malde, near that city. The average 
richness of the silver ores throughout Saxony is only from 3 to 4 oz. per quintal : viz., 
nearly equal to that of the ores of Mexico, and very superior to the actual richness of 
the ores of Potosi. The silver extracted from them contains a little gold. The &ixon 
mines produce annually 52,000 marcs of silver. Of these, the district of Freyberg alone 
furnishes 46,000 ; and among the numerous mines of that district, that of Himmelsfurst 
of itself produces 10,000 marcs. 

Silver mines exist also on the southern declivity of the Erzgebirge, which belongs to 
Bohemia, at JoachimsthcU and Bleystadt, to the northeast of Eger. Argentiferous galena 
is chiefly extracted from these. The mines of Joachimsthal have been explored to a 
depth of 650 yards. They were formerly very flourishing ; but in 1805 they were threat- 
ened with an impending abandonment. The ancient mines of Kuttenberg, situated in 
Ihe same region, have been excavated, according to Agricola, to upward of 1,000 yards 
from the surface soil. 

The southern slope of the Erzgebirge possesses cobalt mines like the northern slope ; 
but they are of much less importance. Some occur, particularly in the neighborhood 
of Joachimsthal. Lastly, on the same slope, slightly-productive copper mines are men- 
tioned at Groslitz, near Joachimsthal ; at Catharineberg, 8 leagues north of Saatz ; and 
at Kupferberg, lying between the two. At Groslitz, the ore is a cupreous pyrites, ac- 
companied by blende. The ores of Catharineberg are argentiferous. 

Next to the silver mines, the most important explorations of the Erzgebirge are those 
of tin. This metal occurs in veins, massive, and disseminated in masses of hyalin gray 
quartz, imbedded in the granite ; it is also found in alluvial sands. The most important tin 
mine of the Erzgebirge is that of Altenberg, in Saxony, which has been under working 
since the fifteenth century. Some tin is mined also near Gayer, Ehrenfriedersdorf, Jo- 
hanna-Georgenstadt, Scheibenberg, Annaberg, Seiffen, and Marienberg, in Saxony. At 
Zinnwald it is also found ; where the stanniferous district belongs partly to Saxony and 
partly to Bohemia ; as also important mines occur in the latter territory at Schlacken- 
wald and Abertham, and slightly-productive ones at Flatten and Joachimsthal. In sev- 
eral of these mines, particularly at Altenberg and Gayer, fire is employed for attacking 
the ore, because it is extremely hard. In almost the whole of them, chambers of too 
great dimensions have been excavated, whence have arisen, at different epochs, vexa- 
tious sinkings of the ground. One of these may still be seen at Altenberg, whihh is 130 
yards deep, and nearly 50 in breadth. The mines of Abertham are explored to a depth 
of 550 yards, and those of Altenberg to 330. The tin mines of the Erzgebirge produce 
annually 484,000 lbs. avoird. of this metal. 

The tin ores are accompanied by arsenical pyrites, which, in the roasting that it un- 
dergoes, produces a certain quantity of arsenious acid. 

The Erzgebirge presents also a great many iron mines, particularly in Saxony, at 
Rodenberg, near Cradorf, in the county of Henneberg, where the workings penetrate to 
a depth of 220 yards, and in Bohemia, at PlaUen, where may be remarked especially 
the great explorations opened on the vein of the Irrgang, 

There is also in the Erzgebirge a mine of anthracite (stone coal) at Sch<Bnfeld, near 
Frauenstein, in Saxony. 

The ancient rock- formations which appear in the remainder of Bohemia, and in the 
adjacent portions of Bavaria, Austria, Moravia, and Silesia, are much less rich in metals 
than the Erzgebirge. No explorations of much importance exist there. 

The Fidit^ebirge, a group of mountains standing at the western extremity of the 
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Erzgebirge, between Hoff and Bayreuth, contains some mines, among which may be 
noticed, principally, mines of magnetic black oxide of iron. 

Argentiferous lead mines have been mentioned at Miesa, 25 leagues W.S.W. of 
Prague, at the N.£. base of the western part of Bomerwaldgdbirge, a chain of mountains 
which separate Bohemia from Bavaria. There are some* also at Prszibram, 12 leagues 
S.W. of Prague, at the extremity of the mountains which separate Behrun from Moldau. 
In the latter, the argentiferous galena is accompanied by blende, in which the presence 
of cadmium has been observed. These mines, and those of Joachimsthal and of Bley stadt, 
furnish annually at present 220,000 lbs. avoird. of lead, and from 2,000 to 3,000 marcs 
of silver. The circle of Behrun, to the S.W. of Prague, contains some inconsiderable 
mines of mercury. The eastern part of the Bomerwaldgebirge, which separates Bohe- 
mia from Austria and Moravia, presents some mines on its southeast slope. Those of 
the environs of Iglau, in Moravia, and some others situated in Austria, produce annu- 
ally from 4,000 to 5,000 marcs of silver. The mines of these two countries yield also 
copper, and in several the copper ores are argentiferous. Moravia comprehends sev- 
eral iron works, which are in pcurt supplied by magnetic iron ores analogous to those 
of Sweden. 

The northeast slope of the Riesengebirge (giant mountains), which separate Bohemia 
from Silesia, presents also several explorations. The argentiferous copper mines of 
RvdoUtadty and of Kupferberg, have been stated as producing annually a considerable 
quantity of copper, and from 600 to 700 marcs of silver ; as also the cobalt mine of 
Maria-anna Querback, the whole in the circle of Quaer ; and the mines of arsenical 
pyrites at Reichenstein, in the circle of Glatz. A mine of chrysoprase exists in the 
mountain of Kosennitz. 

MINES OF THE CENTRE OF FRANCE. 

The ancient formations, principally granitic, which constitute the ground of several 
departments of the centre and south of France, are hardly any richer in explorations 
than the districts mentioned at the end of the Black Forest. Only some insulated 
mines are to be observed here, of which a very few possess any importance. These all 
occur toward the eastern border of the mass of primitive formations, in a zone charac- 
terized by a great abundance of schistose rocks. 

At Villefort and at Viallaze, in the department of the Lozere, and in some places ad- 
joining, several veins of argentiferous galena are worked which traverse the gneiss and 
the granite. These mines, remarkable at present for the regularity of their workings, 
employ 300 laborers, and produce annually about 220,000 lbs. avoird. of lead, and 1,000 
marcs of silver. 

The city of Vienne, in Dauphiny, is built on a hill of gneiss separated by the Rhone 
from the main body of the primitive formations, and in which veins of galena occur, 
which are now imperfectly mined. Other lead mines of less importance are observed 
at St, Julien-MolinrMoleUe, department of the Loire, and at Jouxy department of the 
Rhone. 

At Chessy, a village situated 7 leagues northwest of Lyons, there occur in a talcose 
schist very extensive veins of cupreous pyiites, by no means rich, but which have, never- 
theless, been worked successfully during the latter part of the eighteenth century, and 
several years of the present ; at that period, there was found in a sandstone which covers 
the talcose schist, and which appears referrible to the red sandstone or the variegated 
sandstone, a bed containing a great quantity of blue carbonate of copper and protoxide 
of copper, to the working of which the miners have since directed their principal atten- 
tion. There exists at Saint-Belle, 2 leagues to the south of Chessy, a deposite of copper 
pyrites like that of Chessy, which was at one time worked, but is now standing still. 
At Romandscho, in the department of Saone et Loire, a very abundant deposite of oxide 
of manganese is observed, apparently forming a mass in- the granite, or perhaps above 
it. The workings are very irregular. 

In the mountain of Ecouchettes, near Couches, in the same department, an ore of 
oxide of chrome has been occasionally worked. 

At Malbose, in the department of the Lozere, a feeble vein of sulphuret of antimony 
is mined. 

There are also in the centre of France some explorations of galena, antimony, and 
manganese, which appear to be of too little importance to be noticed in detail. 

Some years ago a tin ore was discovered at Vaubry, 6 leagues N.N.W. of Limoges. 
At present, researches are making with a view of discovering deposites pf such magni- 
tude as to pay the expense of working it. 

MINES OF THE NORTH OF PORTUGAL AND THE ADJOINING PARTS OF SPAIN. 

The Carthaginians appear to have worked tin mines in this part of the peninsula. It is 
•%id that some formerly existed in Portugal in the environs df Yiscu, a province of Beiniy at 
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a place called Burraco de Sianno. Some veins of the same metal were discovered in 1787, 
near Monte-Rey, in the south of Gallicia. They were fully two yards thick, and were 
incased in granite. This province presents also deposites of sulphuret of antimony. 
Some analogous ores are found in Castille and Estremadura. Lead ores were worked in 
the last century not far from Mogadouro, on the banks of the Sabor, in the province of 
Tras-los-M ontes, and near Longroiva on the banks of the Rio-Prisco. Mines of plum- 
bago occur near Mogadouro. There are also some iron mines in the same country near 
Felguiera and Torredemnacorvo. They supply the iron-works of Chapa-cunha. Two 
very ancient establishments of the same kind exist in the Estremadura of Portugal ; 
the one in the district of Thomar, and the other in that of Figuiero dos Yinhoss : they 
are supplied by mines of red oxide of iron, situated on the frontiers of this province and 
of Beira. One deposite of quicksilver ore occurs at Couna in Portugal. At Rio Tinto 
in Spain, on the frontiers of Portugal, there is a copper mine which produces about 
33,000 libs, avoird. of this metal per annum. The ore is a copper pyrites. The moua- 
t^ns in the environs of Oporto present everywhere indications of the ores of copper and 
other metals ; and it appears that all this part of the peninsula is in general rich in me- 
tallic treasures, but that the want of wood prevents theur being mined to advantage. 

Besides, many of the deposites which originally existed there must be in a great meas- 
ure exhausted. It was in these countries chiefly that the gold and silver mines lay, 
which the Carthaginians and Romans worked with so much advantage, and contested 
in so keen a manner. Near Loria (the ancient Numantium), Azagala, and Burgot, 
considerable vestiges of the ancient workings may still be seen. 

MINES or BRITANNT. 

Britanny has hardly a better share in mineral wealth than the countries we have just 
passed in review. There exist in it at this moment only two important exploitations ; 
which are, the lead mines of PouUcumen and Huelgoat, situated near Carhaix. The mine 
of Huelgoat, celebrated for the plomb-gomme ( hydro-alum inate) discovered in it, is 
opened on a vein of galena, which traverses transition rocks. The workings have sub- 
sisted for about three centuries, and have attained to a depth of 220 yards. The vein of 
Poullaouen, called the New Mine, was discovered' in 1741. It was powerful and very 
rich near the surface ; but it became subdivided and impoverished with its depth, notwith- 
standing which the workings have been sunk to upward of 180 yards below the sur- 
face. In these mines there are fine hydraulic machines for the drainage of the waters, with 
wheels from 14 to 15 yards in diameter ; and water-pressure machines have been recently 
constructed. The mines employ more than 900 workmen, and furnish annually more than 
1,200,000 lbs. avoird. of lead, several thousand pounds of copper, and 2,000 marcs, or 
1,034 lbs. avoird. of silver. These are the most important metallic mines of France. 
Several veins of galena exist at Chaieldudren, near Saint-Briex, but they are not worked 
at present. There is also one at Pompean, near Rennes, which has been worked to a 
depth of 140 yards, but is in like manner now abandoned. It affords, besides the 
galena, a very large quantity of blende (sulphuret of zinc), of which attempts are making 
to take advantage. There occurs, also, a lead mine at Pierreville, department of the 
Channel, in a formation connected with the system of Britanny. It is opened on a vein 
which traverses a Limestone pretty analogous to that of Derbyshire. The same depart- 
Inent presents a deposite of sulphuret of mercury at Menildot. ^ few years ago, some 
tin ore was discovered at Pyriac, near Guerande, in the department of the Loire Inferi- 
eur, but the researches since paade to find workable deposites have been unsuccessful. 
A mine of antimony was worked at La Ramee, department of La Vendee* Several of the 
coal deposites lately mined in the departments of La Sarthe, La Mayenne, and Mayenne- 
et-Loire, ought probably to be regarded as more ancient than the genuine coal measures. 
Table of the production of the French mines, during the year 1832.* 



Species of Mine. 


Number of 
mines. 


Extent of 

surface 

conceded. 


Number of 
workmen. 


Production is in 
lOths of a ton. 


Value of the 

rough product 

in francs. 


MetaUic Substances. 
Antimony 

Copper 

Iron 

Manganese 

Gold 

Lead and silver 

Zinc - - 


16 

8 

131 

8 

1 
33 

1 


Kilom. Carres. 
93,8954 

274,18 

1-051,391 

16,54 

0-49 

614,23 

6,80 


130 
258 

8917 
66 

1259 


Melted antim. 

1-030,98 

Black copper 

1-376 

Rough ore 

15-814,690 

6-087 

8-505 


71-232,75 
247.680 
3,630-806,81 
66-849,88 
742-051 



• (Mitdu d*9 JMMf, torn, v., 18S4, p. 070.) 
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MINES OF THE CORRESPONDING 'COASTS OF GREAT BRITAIN AND IRELAND. 

The mines CGmprehended in this section are situated, 1, in Cornwall and Devonshire; 
2, in the S.£. of Ireland ; 3, in the island of Anglesey and the adjoining part of Wales; 

4, in Cumberland, Westmoreland, and the north of Lancashire, and the Isle of Man; 

5, in the south of Scotland ; 6, in the middle part of the same country. 

Corn-wall and Devonshire present three principal mining districts ; viz., the portion 
of Cornwall situated in the environs and S.W, of Truro, the environs of St. Austle, 
and the environs <tf Tavistock. 

The first of these districts is the most important of the three in the number and richness 
of its mines of copper, tin, and lead. The ores of copper, which consisit almost entirely 
of copper pyrites and common sulphuret of copper, constitute very regular veins running 
nearly from east to west, and incased most frequently in a clay-slate ofatalcose or hom- 
Uende nature, called killas, and sometimes in granite, which forms protuberances in the 
middle of the schists. The tjn occurs principally in veins, which, like the preceding, 
traverse the killas and the granite. They are also very often directed nearly from east to 
west, but they have a diiferent inclination, or dip, from that of the copper veins, whidi 
cut them across and interrupt them, and are consequently of more recent formation. The 
tin ore forms also masses, which appear most usually attached to the veins by one of 
their points. Lastly, it is found in small veins which traverse the granite, principally 
near the points where this rock touches the killas. Certain veins present the copper and 
tin ores together ; a mixture which occurs chiefly near the points of intersection of the 
two metallic veins. Certain mines famish at once both copper and tin ; but the most part 
produce in notable quantity only one of these metals. The most important copper 
mines are situated near Redruth and Camborn ; among which may be noted particu- 
larly those called Consolidated Mines, United Mines, Huel-Alfred, Dolcoath, Poldicc, 
&c. The principal tin mines are situated still farther to the southwest, near Helston^ 
Saint-Yues, &c. Those called Huel Vor, Great Huas, are particularly noticed. There 
are several mines in Cornwall of which the crossing veins which at once intersect and 
throw out the veins of copper and tin, contain argentiferous galena and several ores of 
sflver. There existed formerly mines of argentiferous lead near Helston and Truro. 
There may be now seen near Saint Michael an ore which, melted and cupelled on the 
spot, yields from an ounce and a half to two ounces of silver per quintal. Near Cal- 
stock a silver mine is worked, called Huel-Saint-Vincent, which has afforded^ it is said, 
in some months, from 900 to 1,000 lbs. avoird. of that metal. The ore, consisting of 
hornsilver and native silver, is treated on the spot. 

In the environs af Saint Austle, the copper mines of East Crinvis and West Crinnis 
deserve to be noticed, as well as the tin mine of Polgooth, opened on a tin vein i and the 
mine of Carclaise, explored in the open air on a system of small veins of this metal. 

Near Tavistock there occur mines of copgcr, tin, and lead. Among the last may be 
remarked particularly that called Huel Betsey, of which the ores melted and cupelled 
on the spot, afford an ounce and a half of silver per cwt. ; and that of Beeralston, 
whose ore is sent to Bristol to be smelted there. It yields from four to five ounces of 
silver per cwt. 

There are mines of antimony at Huel-Boys in Devonshire, and at Saltash in Cornwall- 

The tin and copper ores of Cornwall are accompanied with arsenical pyrites, which is 
turned to some account by the fabrication of white arsenic (arsenious acid). 

Cornwall and Devonshire produce annually about 6,160,000 lbs. avoird. of tin; 
18,700,000 lbs." avoird. of copper; and 1,760,000 lbs. avoird. of lead. See Copper and 
Tin. 

The tin is treated at the mine localities : but the copper ores are sent in their natural 
state to Swansea in Soi^th Wales, to be smelted. 

Wood and labor being very dear in Cornwall and Devonshire, the mineral deposites 
of these counties can not be worked out so completely, nor can the mechanical prepara- 
tion of the ore be so far pushed, as in several other parts of the world. But all the op- 
erations which appear advantageous are conducted in the most judicious, most economical, 
and most expeditious manner. Steam-engines are erected there, some of them posses- 
sing the power of several hundred horses. Many of the mines are explored to a depth of 
upward of 400 yards ; and several are celebrated for the boldness of their workings. 
The one called BoiaUock Mine, situated in the parish of St. Just, near the Cornwall 
cape, is opened amid rocks which form the seacoast, and stretches several hundred 
yards under the sea, and upward of 200 yards beneath its level. In some points so 
small a thickness of rock has been left to support the weight of the waters, that the roll- 
ing of pebbles on the bottom is distinctly heard by miners during a storm. The mine 
of Huel-werry, near Penzance, was worked by means of a single shaft opened on the 
coast, in a space left dry by the sea only for a few hours at every ebb. A small wooden 
tower was built tver the mouth of the shaft, which, being carefully calked^ kept out 
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the waters of the ocean when the tide rose, and served to snpport the machines for raising 
the ore and drainage. A vessel driven by a storm overturned it daring the night, and 
put a period to this hazardous mode of minings which has not been resumed. 

The most considerable mines of Ireland are those of Crooebane and Tingrony, and of 
fiallymartagh, situated three leagues S.W. of Wicklow, in the county of the same name. 
Their object is to work the copper pyrites, accompanied with some other ores of copper, 
galena, sulphuret of antimony, as well as pyrites of iron, which forms several flattened 
masses in the clay-slate. Pretty extensive workings have been made here ; and the ore 
was transported in its nataral state to Swansea. Veins or masses of copper pyrites and 
galena are mined in some other points of the southeast of Ireland, but none of them with 
any notable advantage. The principal is the lead mine situated in the county of Tipperary, 
near the village called Silver Mines, absurdly enough, because, though silver was sought 
for in the lead, none was extracted. Many iron mines anciently existed in Ireland, but 
the destruction of the forests has considerably diminished their number and activity, to 
that only a few remain in Kilkenny, Wicklow, and Queen's County. 

The isle of Anglesey is celebrated for its copper mines, the principal of which are 
Mona-mine and Parys-mountain. The ore is a copper pyrites, sometimes of considerable 
volume, lying in masses in a formation containing serpentines and different talcose rocks. 
For a long time the workings were carried on in the open air, but the exterior explora- 
tion has been thereby compromised. The neighboring coasts of Wales present some 
mines of the same nature. All the ores are treated in a smelting-house established in 
the isle of Anglesey. The formation of slate-clay and greywacke, which constitutes the 
greater part of Wales, and some of the adjoining districts of England, includes several 
lead mines, of which we shall presently speak in noticing those of far greater importance 
contained in the more recent limestone formations of the same regions. 

Pretty important mines of copper pyrites and red hematitic iron are worked in 
Westmoreland, and in the neighboring parts of Cumberland and Lancashire. The 
copper ores, and a portion of the iron ones, are embarked for Swansea. The rest of the 
iron ore is treated on the spot in blast furnaces supplied with wood charcoal. The 
isle of Man affords indications of lead, copper, and iron, in the mountains of Snafle, 
which constitute its centre. At Borrowdale in Westmoreland, a mine of graphite 
(plumbago) has been worked for a long period. It furnishes the black lead of the 
English pencils, so celebrated over the world. The mineral occurs in mass in a talcose 
formation.* 

There are famous lead mines in the south of Scotland, at Leadhills in Lanarkshire ; 
the veins of which are incased in greywacke. Some manganese has also been found. 
At Cally, in Kirkcudbrightshire, a copper mine has been lately discovered ; and a mine 
of antimony has been known for some time at West Kirk in Dumfriesshire ; but neither 
has been turned to good account. 

In the middle part of Scotland, the lead mines of Strontian in Argyleshire deserve to 
be noticed, opposite to the northeast angle of the isle of Mull. They are opened on 
veins which traverse gneiss. According to Mr. John Taylor, these mines and those of 
Leadhills produce annually 5,610,000 lbs. avoird. of lead. 

Explorations of manganese were begun at Grantown on the banks of the Don, a river 
which falls into the German ocean at Aberdeen. A mine of coarse graphite has also 
been worked at Huntley. 

A copper mine was discovered some years back in one of the Shetland isles ; and 
chromate of iron is now extensively worked there in serpentine and talc. 

^ MINES OF THE NORTH OF EUROPE. 

These mines are situated for the most part in the south of Norway, toward the middle 
of Sweden, and in the south of Finland, a little way from the shortest line drawn from 
the lake Oneg» to the southwest angle of Norway. A few mines occur in the northern 
districts of Norway and Sweden. The main products of these several mines are iron, 
copper, and silver. 

The iron mines of Norway lie on the coasts of the gulf of Christiania, and on the side 
facing Jutland, principally at Arendal, at Krageroe, and the neighborhood. The ores 
consist almost solely of black oxide of iron, which forms beds or veins of from 4 to 60 feet 
thick, incased in gneiss, which is accompanied with pyroxene (augite), epidotes, garnets, 
&c. These iron ores are reduced in a great many smelting forges, situated on the same 
coasts, and particularly in the county, of Laurwig. Their annual product is about 16} 
millions of pounds avoird. of iron, in the form of cast iron, bar i^on, sheet iron, naila, 
&c. ; of which one half is exported. 

Norway possesses rich copper mines, some of which lie toward the south and the 
centre of the country, but the most considerable occur in the north, at Quikkne, Lcdctn, 
Sdboe, and Raraasy near Drontheim. The mine of Roeraas, 16 miles from Drontheim to 
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the S.£. of this city, is opened on a very considerable mass of eopper pyrites, and has 
been worked in the open air since 1664. It has ponred into the market from that 
time, till 1791, 77 millions of pounds avoird. of copper. In 1805, its annual production 
was 864,600 libs. ; while all the other mines of Norway together do iiot furnish quite 
one fourth of that amount. 

Norway comprehends also some celebrated silver mines. They are situated from 15 
to 20 leagues S.W. of Christiania, in a mountainous country near the city of Eongsberg, 
which owes to them its population. Their discovery goes back to the year 1623, and 
their objects are veins of carbonate of lime, accompanied with asbestos and other sub- 
stances in which native silver occurs, usually in small threads or networks, and some- 
times in considerable masses, along with sulphuret of silver. These veins are very nu- 
merous, and run through a considerable space, divided into four districts (arrondisse- 
ments), each of which contains more than 15 distinct explorations. When a new mine is 
opened, an excavation in the open air is first made, which embraces several veins, and 
they then prosecute by subterranean workings only those that appear to be of consequence. 
The workings do not exceed 1,000 feet in depth. Fire is employed for attacking the 
ore. In 1782, the formation of a new gallery of efflux was commenced, destined to have 
a length of 10,000 yards, and to cost 60,000/. These mines, since their discovery till 
1792. have afforded a quantity of silver equivalent to four millions of pounds sterling. 
The year 1768 was the most productive, having yielded 38,000 marcs of silver. At pres- 
ent they give but a very slender return ; in 1804 they were threatened with a complete 
abandonment. The ore is treated by fusion ; the lead necessary for this operation being. ' 
imported from England. There are, however, lead and silver mines in the county of 
Jarlsberg, but they are very slenderly worked. 

At Edswaidy 50 leagues N. of Christiania, a mine is worked of auriferous pyrites, with 
a very inconsiderable product. 

Cobalt mines may be noticed at Modum or Fossum, Si leagues W. of Christiania ; they 
are extensive, but of little depth. 

Lastly, graphite is explored at Englidal; and chromite of iron deposites have been 
noticed in some points of Norway. 

The irons of Sweden enjoy a merited reputation, and form one of the chief objects of 
the commerce of that kingdom. Few countries, indeed, combine so many valuable ad- 
vantages for tliis species of manufacture. Inexhaustible deposites of iron ore are placed 
amid immense forests of birches and resinous trees, whose charcoal is probsflbly the best 
for the reduction of iron. The different groups of iron mines and forges form small 
districts of wealth and animation in the midst of these desolate regions. 

The province of Wermeland, including the north bank of the lake Wener, is one of 
the-richest of Sweden in iron mines. The two most important are those of Nordmarck, 
3 leagues N. of Philipstadt, and those of Persberg. 2} leagues £. from the same city. 
Philipstadt is about 50 leagues W. J N.W. from Stockholm. Both mines are opened 
on veins or beds of black oxide of iron several yards thick, directed from N. to S. in a 
ground composed of hornblende, talcose, and granitic rocks. These masses are nearly 
vertical, and are explored in the open air to a depth of 130 yards. Formerly this ex- 
ploitation was effected by iron wedges and pickaxes ; but they have been superseded by 
gunpowder, since 1650. The province of Wermeland, and that of Dahl which adjoins 
it, forming the west border of the Wener lake, contained in 1767, 48 smelting cones, 
each going from 4 to 5 months every year. 

The principal iron mines of Rosslagie (part of the province of Upland) are those of 
Dannemora, situated 1 1 leagues from Upsal. They stand in the first rank of those of 
Sweden, and even of Europe. The masses worked upon are flattened and vertical, 
running from N.E. to S.W., and are incased in a ground formed of primitive rocks, 
among which gneiss, petrosilex and granite are roost conspicuous. They amount to three 
in number, very distinct, and parallel to each other; anl are explored through a length 
of more than 1,500 yards, and to a depth of above 80, by the employment of fire, and blast- 
ing with gunpowder. The explorations are mere quarries ; each presenting an open 
trench 65 yards wide, by a much more considerable length, and an appalling depth. 
Magnetic iron ore is extracted thence, which furnishes the best iron of Sweden and 
Europe ; an iron admirably qualified for conversion into steel. In 1767, these minings 
supplied for a long time, 15 smelting cones situated in Rosslagie, at a distance of 10 
leagues. 

The island of Utoe, situated near the coast of the province of Upland, presents also 
rich iron mines. The protoxide of iron there forms a thick bed in the gneiss. It is 
worked in trenches far below the level of the sea. The ore can not be smelted in the 
island itself; but is transported in great quantities to the continent. 

The province of Smoland includes also very remarkable mines. Near Jonkoping, a 
hill called the Taberg occurs, formed in a great measure of magnetic black oxide of iron, 
contained in a greenstone reposing on gneiss. 
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In several parts of Lapland, the protoxide of iron occurs in great beds, or immense 
masses. At Gellivara, 200 leagues N. of Stockholm, toward the 67th degree of lati- 
tute, it constitutes a considerable mountain, into which an exploitation has been opened. 
The iron is despatched on small sledges drawn by reindeer to streams which fall into 
the Lutea ; and thence by water carriage to the port of Lutea, wh^re it is embarked 
for Stockholm. 

There are a great many iron works in Dalecarlia, but a portion of the ores are got 
from alluvial deposites. Similar deposites exist also in the provinces of Wermeland and 
Smoland. 

The mines and forges of Sweden produce annually about 165 millions of pounds 
avoird. (74,000 tons nearly) of cast iron or bar iron ; of which two thirds are exported 
chiefly from the harbors of Stockholm, Gottenburg, Geffle, and Norkoping. 

The copper mines of Sweden are scarcely less celebrated than its iron mines. The 
principal is that of Fahliin or Kopparberg, situated in Dalecarlia, near the town of 
Fahlun, 40 leagues N.W. of Stockholm. It is excavated in an irregular and very 
powerful mass of pyrites, which in a great many points is almost entirely ferruginous, 
but in others, particularly near the circumference, it includes a greater or less portion 
of copper. This mass is enveloped in talcose or hornblende rocks. More to the west 
there are three other masses almost contiguous to each other, which seem to bend in 
an arc of a circle around the principal mass. They are explored as well as the last. 
This was at first worked in the open air ; but imprudent operations having caused the 
walls to crumble and fall in, since 1647 the excavation presents near the surface noth- 
ing but frightful precipices. .The workings are now prosecuted by shafts and galleries 
into the lower part of the deposi^e, and have arrived at a depth of 194 famnars (nearly 
430 yards). They display excavations spacious enough to admit the employment of hor- 
ses, and the estaUishment of forges for repairing the miners' tools. It is asserted that 
the exploration of this mine goes back to a period anterior to the Christian era. Du- 
ring its greatest prosperity it is said to have produced 11 millions of pounds avoird. of 
copper per annum, or about 5,000 tons. It famishes now about the seventh part of 
that quantity ; yielding at the same time about 70,000 lbs. of lead, with 50 marcs of 
silver, and 3 or 4 of gold. The ores smelted at Fahlun produce from 2 to 2J of copper 
per cent. But the extraction of the metal is not the sole process ; the sulphur is also 
procured ; and with it, or the pyrites itself, sulphuric acid and other chemical products 
are made.* Round Fahlun, within the space of a league, 70 furnaces or factories of 
different kinds may be seen. The black copper obtained at Fahlun is converted into 
rose copper, in the refining hearths of the small town of Ofwostad. 

In the copper mine of Garpenberg, situated 18 leagues from Fahlun, there occur 14 
masses of ore quite vertical, and parallel to each other, and to the beds of mica-slate or 
talc-slate, amid which they stand. This mine has been worked for more than six hun- 
dred years. 

The mine of Nyakopparherg, in Nericia, 20 leagues W. of Stockholm, presents mas- 
ses of ores parallel to each other, the form and arrangement of which are very singu- 
lar. It is worked by open quarrying, and with the aid of fire. 

We may notice also the copper mines of Atwidaberg, in Ostrogothia, which furnish 
annually the sixth part of the Vhole copper of Sweden. 

There are several other copper mines in Sweden. Their whole number is ten ; but 
it was formerly hiore considerable. They yield at the present day in all, about 2,420,000 
libs, avoird. (1000 tons) of copper. , ^ 

The number of the silver mines of Sweden has in like manner diminished. In 1767 only 
3 were reckoned under exploration, viz., that of Helleforsj in the province of Werme- 
land ; that of Segersfors, in Nericia ; and that of Sahla or Sahlbergy in Westmannia, 
about 23 leagues N.W. of Stockholm. The last is the only one of any importance. It 
is very ancient, and passes for having been formerly very productive, though at present 
it yields only from 4,000 to 5,000 marcs of silver per annum. Lead very rich in silver is 
its principal product. It is explored to a depth of more than 200 yards. The sound- 
ness of the rock has allowed of vast excavations being made in it, and of even the gal- 
leries having great dimensions,^ so that in the interior of the workings there are wind- 
ing machines, and carriages drawn by horses for the transport of the ores. 

At Sahlberg, there are deposites of sulphuret of antimony. 

For the last 30 or 40 years mines of cobalt have been opened in Sweden, principally 
at Tunaberg and Los, near Nykoping, and at Otward in Ostrogothia. The first are 
worked upon veins* of little power, which become thicker and thinner successively; 
whence they have Been called bead-veins. It appears that the products of these mines, 
though of good quality, are inconsiderable in quantity. 

Lastly there is a gold mine in Sweden ; it is situated at Adelfors, in the parish of 
Alsfeda, and province of Smoland. It has been under exploration since 1737, on veins 
of auriferous iron pyrites, which traverse schistose rocks ; presenting but a few inches 
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of ore. It formerly yielded from 30 to 40 marcs of gold per annum, but for the last few 
years it has furnished only from 3 to 4. 

The mines and smelting works of Sweden gave annually, in 1809, a gross product 
worth 1,463,600/. 

The south of Finland and the bordering parts of Russia contain some mines, but 
they are far from having any such importance as those of Sweden. 

At Orijerwy, near Helsingfors, a mine of copper occurs whose gangue is carbonate 
of lime, employed as a limestone. 

Near Cerdopol, a town situated at the N.W. extremity of the Ladoga lake, veins of 
copper pyrites were formerly mined. 

Under the reign of Peter the Great, an auriferous vein was discovered in the granitic 
mountains which border the eastern bank of the lake Ladoga, hear Olonetz. It was 
rich only near the surface ; and its working was soon abandoned. 

Latterly an attempt has been made to mine copper and iron ores near £no, above 
and to the N.W. of Cerdopol, but with little success. 

Some time ago rich ores of iron, lying in veins, were worked near the lake Shuyna, 
N.W. from Cerdopol ; but this mine has been also relinquished. 

On the west bank of the Onega lake, there is an iron work at Petrazavodsk, called 
a zavode, which is the greatest establishment of this kind existing in the north of 
Russia. 

Nothing is now reduced there except bog iron ore, or swamp ore extracted from small 
lakes in the neighborhood. 

The transition limestone which constitutes the body of Esthonia contains lead ore at 
jSrossaar. near Fellin, These ores were worked when these provinces belonged to the 
Swedes. It was attempted in 1806 to resume the exploitation, but without success. 

MINES OF THE ALLEGANY MOUNTAINS. 

The chain of the AUeganys, which traverses the United States of North America 
from N.W. to S.E. parallel to the coasts of the Atlantic ocean, includes a considera- 
ble number of deposites of iron, lead, and copper ores ; along with some ores of silver, 
plumbago, and chromite of iron. Attempts have been made to mine a great many of 
these deposites ; but most of these have been unsuccessful. 

A bed of black oxide of iron occurs in gneiss near Franconia in New Hampshire. It 
has a power of from 5 to 8 feet ; and has been mined through a length of 200 feet, and 
to a depth of 90 feet. The same ore is found in veins in Massachusetts and Vermont, 
accompanied by copper and iron pyrites. It is met with in immense quantities on the 
western bank of the lake Champlain, forming beds of from 1 to 20 feet in thickness, 
almost without mixture, encased in granite. It is also found in the mountains of that 
territory. These deposites appear to extend without interruption from Canada to the 
neighborhood of New York, where an exploration on them may be seen at Crown 
Point. The ore there extracted is in much esteem. Several mines of the same species 
exist in New Jersey. The primitive mountains which rise in the north of this state 
near the Delaware, include a bed almost vertical of blac^ oxide of iron, which has been 
worked to JOO feet in depth. In the county of Sussex the same ore occurs, accompa- 
nied with Franklinite. At New Milford, in Connecticut, a pretty abundant mine of 
sparry iron occurs ; the only one of the kind known in the AUeganys. The United 
£^tes contain a great many iron works, some of which prior to the year 1773, sent over 
iron to London. They are principally supplied from alluvial iron ore. 

The most remarkable lead mines of the Alleganys are those of Southampton, in Mas- 
sachusetts, and of Perkiomen creek, in Pennsylvania, 8 leagues from Philadelphia. The 
first furnishes a galena, slightly argentiferous ; an ore accompanied with various min- 
erals, with base of lead, copper, and zinc, and with gangues (vein-stones) of quartz, 
sulphate of baryta, and fluor spar. These substances form a vein which traverses sev- 
eral primitive rocks, and is said to be known over a length of more than 6 leagues. At 
Perkiomen creek a vein of galena is mined which traverses a sandstone, referred by 
many geologists to the old red sandstone. Along with galena a great variety of min- 
erals is found with a basis of lead, zinc, copper, and iron. The mines of lead worked 
in Virginia, on the banks of the Kanahwa, deserve also to be mentioned. 

None of the copper mines actually in operation in the United States seem to merit 
particular attention. The mine of Schuyler, in New Jersey, had excited high hopes, but 
af\er the workings had been pushed to a depth of 300 feet, they jiave been for some 
years abandoned. The ore, which consisted of sulphuret of copper, with oxide and 
carbonate of copper, occurred in a red sandstone. 

In some points of the Alleganys, deposites have been noticed of chromite of iron and 
graphite. 

Coal-measures occur in several points of the United States, especially on the N.W. 
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■lope of the Allegany mountains. The coal is mined successfully on the banks of the 
Ohio, toward the upper part of its course. See Anthbacite. 

MINES OF THE SOUTH OF SPAIN. 

The mountains which separate Andalusia from Kstremadura, Leon and La Mancha, 
and those of the kingdoms of Murcia and Grenada, include some celebrated mines. 

We shall mention first the silver mines of Guadalcanal and Cazalla, situated in the 
Sierra-Morena, 15 leagues north of Seville. Among the ores, red silver and argentiferous 
gray copper have been specified. Their product is inconsiderable ; but this territory 
presented formerly much more important mines at Villa-Guttiera, not far from Seville. 
At the beginning of the seventeenth century they are said to have been worked with such 
activity, that they furnished daily 170 marcs of silver. More to the east, there exists 
in the mountains of La Mancha a mine of antimony, at 'Santa-Crux-de-Mudela. On 
the southern slope of the Sierra-Morena, very important lead mines occur, particularly 
at Linares, 12 leagues north of Jaen. The veins ^re very rich near the surface, which 
causes them not to be mined much in depth ; so that the ground is riddled, as it were, 
with shaAs. More than 5,000 old and new pits may be counted, the greater part of 
which is ascribed to the Moors. Six of these mines are now explored on account of 
the crown, and they produce on an annual average, according to M. Laborde, 1,320,000 
libs, avoird. (about 600 tons) of lead, which is too poor in silver for this precious metal 
to be extracted with advantage. Bowles states that there was found at the mines of 
Linares, a mass of galena, whose dimensions were from 21 to 24 yards in every direc- 
tion. Abundant mines of zinc occur near Alcaras, 15 leagues northwest of Linares, 
which supply materials to a brass manufactory established in that town. There are also 
lead mines in the kingdoms of Murcia and Grenada. Very productive ores have been 
worked for some time near Almeira, a harbor situated some leagues to the west of the 
cape of Gates. The ore is in part treated on the spot with coa] brought from Newcas- 
tle, and in part sent to Newcastle to be reduced there. The kingdoms of Murcia, Gre- 
nada, and Cordova, include several iron mines. Near Cazalla and Ronda, in the kingdom 
of Grenada, mines of plambago are explored. 

On the northern flank of the Sierra-Morena, lie the famous quicksilver mines of 
Almaden, situated near the town of the same name in La Mancha. They consist of 
very powerful veins of sulphuret of mercury, which traverse a sandstone, evidently of a 
geological age as old at least as the coal formation. Hard by, beds of coal are mined. 

MINES OF THE PYRENEES. 

The Pyrenees, and the mountains of Biscay, of the Asturias, and the north of Galicia, 
which are their prolongation, are not very rich in deposites of ores : the only important 
mines that occur there, are of iron ; which are widely spread throughout the whole 
chain, except in its western extremity. We may mention particularly in Biscay, the 
mine ot Sommorosiro, opened on a bed of red oxide of iron ; and in the province of 
Guipuscoa, the mines of Mundragon, Oyarzun, and Berha, situated on deposites of sparry 
iron. There are several analogous mines in Aragon and Catalonia. In the French 
part of the Pyrenees, veins of sparry iron are worked which traverse the red sandstone 
of the mountain Ustelleguy, near Baygorry, department of the Basses-Pyrenees. The 
same department aftbrds in the valley of Asson the mine of Haugaron, which consists of 
a bed of hydrate of iron, subordinate to transition limestone. The deposite of hydrate 
of iron, worked for an immemorial time at Rancie, in the valley of Viedessos, depart- 
ment of the Arri^ge, occurs in a ^milar position. The ancient workings have been, 
very irregular and very extensive ; but the deposite is stiU far from being exhausted. 
There are also considerable mines of sparry iron at Lapinouse, at the tower of Batera, 
at Escaron, and at Fillols, at the foot of the Canigou, in the department of the Oriental 
Pyrenees. The iron mines of the Pyrenees keep in activity 200 Catalanian forges. 
Although there exists in these mountains, especially in the part formed of transition 
rocks, a very great number of veins of lead, copper, cobalt, antimony, &c., one can 
hardly mention any workings of these metals ; and among the abandoned mines, the 
only ones which merit notice are — the mine of argentiferous copper of Baygorry^ in the 
department of the Low Pyrenees, the lead and copper mine of jSuIus, in the valley of 
the Erce, department of the Arriftge, and the mine of cobalt, of the valley of Gistain, 
situated in Aragon, on the southern slope of the Pyrenees. It is asserted, however, 
that a lead mine is in actual operation near Bilboa, in Biscay. The mines of plumbago 
opened at Sahun, in Aragon, should not be forgotten. Analogous deposites are known 
to exist in the department of the Arridge, but they are not mined. 

MINES OF THE ALPS. 

The mines of the Alps by no means correspond in number and richness with the 
extent and mass of these mountains. On their eastern slope, in the department of the 
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high and the low Alps, several lead and copper mines are mentioned, all inconsiderable 
and abandoned at the present time, with the exception of some workings of galena, 
which famish also a little graphite. 

During some of the last years of the eighteenth century, there was mined at la Gardette 
in the Oisans, department of the Is^re, a vein of quartz which contained native gold 
and auriferous pyrites ; but the product has never paid the expenses, and the mine has 
been abandoned. The Oisans presented a more important mine, but it also has been 
given up ; it was the' silver mine of jSllemont or Chalanches The ore consisted of 
different mineral species more or less rich in silver, disseminated in a clay which filled 
the cleAs and irregular cavities in the middle of talcose and hornblende rocks. This 
mine yielded annually toward the conclusion of the eighteenth century, so much as 2,000 
marcs of silver, along with some cobalt oie. Among the great number of mineral spe- 
cies, which occurred in too small quantities to be worked to advantage, there was native 
antimony, sulphuret of mercury, &c. The Oisans present, moreover, some rather un- 
productive mines of anthracite. Mines of an analogous nature, but more valuable, are 
in activity at the western foot of the Alps, at la MothCy Notre-des-Vaux et PutteviUe, a 
few leagues southeast of Grenoble. 

From the entrance of the valley of the Oisans to the valley of the Jrc in Savoy, there 
occur on the N.W. slope of the Alps, a great many mines of sparry iron. The locality 
of this ore is here very difficult to define, ft appears to form sometimes beds or masses, 
and sometimes veins amid the talcose rocks. Some is also found in small veins in the 
first course of the calcareous formation which covers these rocks. These mines are very 
numerous ; the most productive occur united in the neighborhood of Mlevardy depart- 
ment of the Is^re, and of Saini Georges d'Huretieres in &Lvoy. Those of Fomeaux and 
Laprat, in the latter country, are also mentioned. The irregularity of the mining op- 
erations surpasses that of the deposites ; the mines have been from time immemorial in 
the hands of the inhabitants of the adjoining villages, who work in them, each on his 
own account, without any prearrangement, or other rule than following the masses of 
ore which excite hopes of the most considerable profit in a short space of time. What 
occurs in almost every mine of sparry iron, is also to be seen here — most imprudent 
workings. The mine called the Grand Fosse, at Saint Georges d'Hureiieres, is prolonged 
without pillars or props, through a height of 130 yards, a length of 220 yards, and a 
breadth equal to that of the deposite, which amounts in this place to from 8 to 13 yards ; 
thus a void space is exhibited of nearly 300,000 square yards. The sparry iron extracted 
from these different mines supplies materials to 10 or 12 smelting-furnaces, the cast-iron 
of which, chiefly adapted for conversion into steel, is manufactured in part in the cele- 
brated steel works of Rives, department of the Ishre. There occurs in some parts of the 
mines of Saint Georges d'Hwctieres copper pyrites, which is smelted at jSiguebelle. 

Savoy presents celebrated lead mines at Pescy and at Macot, 7 leagues to the east of 
Moutiers. Galena, accompanied with quartz, sulphate of baryta, and ferriferous car- 
bonate of lime, occurs in mass in talcose rocks. The mine of Pescy had been restored 
to activity by the French government, which established there a practical school of mines ; 
and in its hands the mine produced annually as much as 440,000 libs, avoird. of lead, 
and 2,500 marcs of silver. It is now explored on account of the king of Sardinia ; but 
it begins to be exhausted, and yields less products. That of Macot, opened a few years 
ago, begins to give considerable returns. The mine of copper pyrites of Servoz, in the 
valley of the Arve, may also be mentioned. The ore occurs both in small veins, and 
disseminated in a clay slate ; but the exploration is now suspended. Lastly, slightly- 
productive workings of anthracite are mentioned in* everal points of these mountsuns, 
and in the conterminous portions of the Alps. 

There exist in Piedmont some small mines of argentiferous lead. The copper mines 
ofMlagn^, and those of Ollomont, formerly yielded considerable quantities of this metal. 
Their exploration is now on the decline. The manganese mines of Saint-Marcel have 
few outlets; whence they have been feebly developed. Mines of plumbago, little 
worked, occur in the neighborhood of Vinay, and in the valley of Pettis, not far from 
Pignerol. Some mines of auriferous pyrites have also been worked in this district of 
country ; among others, those of Macugnaga, at the eastern foot of Monte-Rosa. The 
pyrites of this mine afforded by amalgamation only 11 grains of gold per quintal; -and 
this gold, far from being fine, contained one fourth of its weight of silver ; they became 
less rich in proportion as they receded from the surface. The explorations of auriferous 
pyrites in Piedmont are now abandoned, or nearly so. The only important mines in 
this country are those of iron. These generally consist of masses of black oxide of 
iron, of a nature analogous to those of Sweden ; the principal ones being those of 
Cogne and Traverselle, which are worked in open quarries. Some others, less consid- 
erable, are explored by shafts and galleries. These ores are reduced in 33 smelting- 
cupolas, 55 Catalan forges, and 105 refinery-hearths. The whole produce about 10,006 
tons of bar-iron. 
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There is a mine of black oxide of iron, at present al>andoned, at Bovemier, nearMar- 
tigny, in the Yalais. There is also another iron mine at Chamoissons, in a lojffy calca- 
rfeons mountain on the right bank of the Rhone. The ore presents a mixture of oxide 
of iron and some other substances, of which it has been proposed to make a new mineral 
species, under the name of Chamoissite. 

The district of the Grisons possesses iron mines with yery irregular workings, situated 
a few leagues from Coire, 

The mountain of Falkenstein, in the Tyrol, formed of limestone and clay-slate, not far 
from Schwatz, a little below Inspruck, in the valley of the Inn, contains mines of argen- 
tiferous copper. At one of them, that of Eutz-Puhl, the workings reached, in 1759, 
according to the report of MM. Jars and Duhamel, nearly 1,100 yards in depth ; and 
were reckoned the deepest in Europe. But it was intended to abandon them. Analo- 
gous ores are explored in several bther points of the same country. The most part of 
Uie products of these mines are carried to the foundry of Brixlegg, 4 leagues from 
Schwatz. The mines of the Tyrol furnished, on an average of years, toward 1759, 
10,000 marcs of silver; at anterior periods, their products had been double ; but now it 
is a little less. This region contains also gold mines whose exploration goes back a 
century and a half. They occur near the village of Zell, 8 leagues from Schwatz ; the 
auriferous veins traverse clay-slates and quartz rocks. Lastly, a deposite of oxide of 
chrome, similar to that of the Ecouchets (Saoue and Loire) has been discovered in the 
Tyrol. An unimportant mine of mercury has also been mentioned in that country, near 
Brenner. 

In the territory of Saltzbnrg there are some copper mines. In the environs of Muer- 
winkel and of Gastein some veins are worked for the gold they contain ; of which the 
annual return is valued at 118 marcs of this metal. There is an inconsiderable mine 
of quicksilver at Leogang. 

In the Tyrol and in Saltzburg there are iron mines in a very active state, principally 
those of Kleinboden, near Schwatz. But the portion of the Alps most abundant in 
mines of this metal, is the branch stretching toward Lower Austria. We find here, both 
in Styria and in Austria, a very great number of explorations of sparry iron. The de- 
posites of the ores of sparry iron of £isenerz, Erzberg, Admont, and Vordenberg, deserve 
notice. The latter are situated about 25 leagues southwest of Vienna. 

The southern flank of the Alps contains also a great many mines of the same kind, 
from the Lago Maggiore to Carinthia. Those situated near Bergamo, and those of 
Huttenberg and Waldenstein, in Carinthia, are especially mentioned. 

All these mines of sparry iron are opened in the midst of rocks of different natures, 
which belong to the old transition district of the Alps. They seem to have close geo- 
logical relations with those of Allevard. 

The branch of the Alps which extends toward Croatia, presents important iron mines, 
in the mountains of Adelsberg, 10 leagues southwest fr«m Laybach, in Carniola. 

The iron mines just now indicated in the part of the Alps that forms a portion 
of the Austrian states, supply materials to a great many smelting-works. In Styria 
and in Carinthia, more than 400 furnaces or forges may be enumerated, whose annual 
product is nearly 25,000 tons of iron. These two provinces are famous for the steel 
which they produce, and for the steel tools which they fabricate, such as sythes, &c. 
Carniola contains also a great many forges, and affords annually about 5,000 tons of 
iron. 

There are mines of argentiferous copper, analogous to those of the Tyrol, at Schlad- 
ming in Styria, at Kirchdorf in Carinthia, at Agordo in the territory of Venice, and at 
Zamabor in Croatia. The latter are remarkable for the great irregularity of the de- 
posites, and for the richness of the copper pyrites that is mined ; which produces 12 and 
sometimes 27 per cent, of copper. There are some deposites of antimony, mined to a 
trifling extent in Carinthia ; and there are a few cobalt mines in Styria, not more actively 
worked. In the environs of Raibel, in Carinthia, mines of calamine exist, yielding an- 
nually about 200 tons of this substance. Of late, some of it has also been exploit in 
Styria. 

The limestones that cover the northern slopes of the Alps, present, like those of the 
departments of the lower and upper Alps, several lead mines of little consequence ; they 
also include several celebrated mines of rock salt. 

The analogous limestones which repose on the slopes of the Alps in Carinthia, and 
in the neighboring provinces, afford likewise lead mines, especially near Willach and 
Bleyberg. These mines are very numerous, forming more than 500 arrondisaementa of 
concessions. They furnish annually about 1,800 tons of a lead too poor in silver to pay 
the expense of extracting that precious metal. At the mines of Bleyberg, the galena 
forms 14 beds or strata, inclined at an angle of from 40 to 60 degrees from the horizon, 
and alternating with a like number of calcareous strata. The latter are extremely full 
of shells. They of course belong to seeondary limestone. 
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The limestones fiunnoanting the southern slope of the Alps, contain also some lead 
mines ; but the quicksilver mines of Idria, situated at the foot of the Alps, 10 leagues 
N.W. of Trieste, is worthy of particular notice ; it lies in a limestone which everything 
leads us to refer to the zechstein, the most ancient of the secondary limestones. 

The Apennines, which may be considered as a dependance of the Alps, present a 
small number of mines. At Chiavary and Pignone, manganese is mined ; and at the be- 
ginning of the eighteenth century a vein of mercury was worked at Levigliani in Tus- 
cany. An antimouial mine is mentioned at Pereta in the marshes of Sienna. 

Before quitting these regions, we ought to notice the iron mines of the isle of Elba. 
They have been famous for 18 centuries ; Virgil denotes them as inexhaustible, and 
supposes them to have been open at the arrival of JEneas in Italy. They are explored 
by open quarries, working on ^n enormous mass of specular iron ore, perforated with 
cavities bespangled with quartz crystals. The island possesses two explorations, called 
Rio and Terra-Nuova ; the last having been brought into play at a recent period. The 
average amount extracted per annum is 15,000 tons of ore, which are smelted in the 
foundries of Tuscany, Liguria, the Roman states, the kingdom of Naples, and the island 
of Corsica. 

There has been worked for a few years a mine of chromite of iron, at Carrada, near 
Gassino, department of the Yar. 

MINES SITUATED IN THE SCHISTOSE FORMATIONS OF THE BANKS OF THE RHINE, ANI> 

IN THE ARDENNES. • 

The transition lands, which form, in the northwest of Germany and in Flanders, a 
pretty extensive range of hills, include several famous mines of iron, zinc, lead, and 
copper. The latter lie on the right bank of the Rhine, in the territories of Nassau 
and Berg, at Baden, Augstbach, Rheinbreitenbach, and near Dillenburg. That of 
Rhejnbreitenbach yielded formerly 1 10,000 libs, avoirdupois of copper per annum, and 
those of the environs of Dillenburg now furnish annually 176,000 libs. There are also 
some mines of argentiferous lead in the same regions. The most remarkable are in 
the territory of Nassau, such as those of Holzapfel, Pfingstiviese, Lcewenburg, and 
Augstbach on the Wiede, and Ehrenthal on the banks of the Rhine, which all together 
produce 600 tons of lead, and 3,500 marcs of silver. To the above, we must add those 
of the environs of Siegen and Dillenburg, in the territories of Berg. A little cobalt 
is explored in the neighborhood of Siegen, and some mines of the same nature are 
mentioned in the grand dutchy of Hesse-Darmstadt, and in the dutchy of Nassap 
Usingen. 

But iron is the most important product of the mines on the right bank of the Rhine. 
Veins of hydrate of iron, or brown hematite, are explored in a great many points of 
Hessia, and the territory of Nassau, Berg, Marck, Tecklenbourg, and Siegen, along 
with veins or masses of sparry iron, and beds of red oxide of iron. We may note par- 
ticularly — 1. The enormous mass of sparry iron, known under the name of Stahlberg, 
mined since the beginning of the fourteenth century in the mountain of Martinshardt, 
near Miissen, where improvident excavations have occasioned, at several times, consid- 
erable downfallings of rubbish ; 2. The abundant and beautiful mines of hydrate of iron 
and sparry iron on the banks of the Lahn and the Sayn, and among those of the mine 
of Bendorf ; 3. The mine of Hohenkirchen in Hessia, where a powerful bank of manga- 
niferous ore is worked, and where the mines are kept dry by a gallery more than 1,000 
yards long, walled over its whole extent. These several mines supply a great many 
iron works, celebrated for their steel, and for the objects of hardware, sythes, &c., fab- 
ricated there. 

The Prussian provinces of the left bank of the Rhine, the dutchy of Luxembourg, 
and the Low Countries, include also many iron furnaces, of which a great number are 
supplied, in whole or in part, by ores of hydrate of iron, occasionally zinciferous, ex 
tracted from the transition rocks, where they form sometimes veins, and sometimes also 
very irregular deposites. A portion is explored by open quarrying, and a portion by 
underground workings. Some of these mines penetrate to a depth of 87 yards, and galle- 
ries may be observed in them cut in the form of vaults, and timbered with hooped stays. 
The Hundsriick, the Eiffel, and the territory of Luxembourg, present a great many of 
them. 

The Eiffel formerly possessed important lead mines. Some still exist, which are'feebly 
worked at Berncastle, 8 leagues below Treves, on the banks of the Moselle. Those 
of Trarbach, situated 2 leagues lower, are now completely abandoned ; the same holds 
with those of Bleyalf, which were opened on veins incased in the greywacke-slate, 3 
leagues W.N.W. of Prum, not far from the line of separation of th6 waters of the Mo- 
selle and the Meuse, in a district from which manufactures and comfort have disap- 
peared since the mines were given up which sustained them. 

More to the north a great many deposites of calamine occur. The most considerable, 
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mod the one explored with most activitf, is sitaated in the territory of Limbnif 
(kingdom of the Netherlands), and known under the name of the Great mountaim. 
It presents a mass about 45 yards wide, from 400 to 550 long, and of an unknown 
depth. The first labors, undertaken several centuries age by the Spaniards, were exe^ 
euted by open quarrying, and pushed down 32 yards from the surface. The miners were 
obliged to renounce this mode of operation, and have since penetrated to the depth of 
88 yards by means of subterranean workings. From 50 to 60 men work in this exca- 
vation, and exact annually from 700 to 800 tons of calamine, worth from 2,400i. 
to 2,700/. In the adjacent parts of the Prussian territory, not far from Aix-la-Chapelle, 
calamine is also mined, with ores of lead and iron, with which it is associated, in 
deposites regarded by M. Bouesnel, as analogous to the vein of Vedrin, to be noticed 
presently. The exploration is effected by means of small round shafts, from 34 to 44 
yards deep, which are often wooded only with flexible branches of trees, or a kind of 
barrel-hoops. These workings may furnish annually from 1,500 to 2,000 tons of cala- 
mine, to the brass factories of StoUberg. On the' right bank of the Rhine, in the country 
of la Marck, several small zinc mines furnish annually about 130 tons of calamine to 
the brass manufactures of Iserlohn. 

The lead mine of Fedrin, alluded to above, lies at some distance N. of Namur. It is 
opened on a vein of galena nearly vertical, which crosses from N. to S. a limestone in 
nearly vertical strata, probably analogous into the limestone of Derbyshire. The vein 
is from 4 to 15 feet thick, and is recognised through a length of half a league. The mine, 
worked for two centuries, presents very extensive excavations ; particularly a fine 
gallery of efflux. It has produced annually 900 tons of lead. At the present day the mine 
of Vedrin, and some adjoining exploitations, afford per annum only about 200 tons of 
lead, and 700 marcs of silver. 

MINES or THE CAXCAKE0U8 MOUNTAINS OF ENGLAND. 

The limestone formation immediately subjacent to the coal measures, or the mountain 
limestone, constitutes almost alone several mountainous regions of England and Wales ; 
in which three districts very rich in lead mines deserve to be noted. 

The first of these districts comprehends the superior parts of the valleys of the Tync, 
the Wear, and the Tees, in the counties of Cumberland, Durham, and York. Its 
principal mines are situated near the small town of Alston-Moor, in Cumberland. 
The veins of galena which form the object of the workings, traverse alternate beds of 
limestone and sandstone ; and are very remarkable for their becoming suddenly thin 
and impoverished on passing from the limestone into the sandstone ; and for resuming 
their richness, and usual size; on returning from the sandstone into the limestone. The 
exploitations are situated in the flanks of considerably high hills, bare of wood, and 
almost wholly covered with marshy heaths. The waters are drawn off by galleries of 
efflux; and the ores are dragged out by horses to the day. The galena extracted from 
these mines is smelted by means of coal and a little peat, in furnaces of the Scotch con- 
struction. The lead is very poor in silver; and there is hardly a single hearth for the 
purpose of eliminating this mbtal by cupellation. The mines of this district produce 
annually 17,200 tons of lead, according to Mr. Taylor's statement, published in the 
Geology of England and Wales, by Messrs. Conybeare and Phillips. There is more 
over a copper-mine 2 leagues S.W. of Alston-Moor. The ore is a copper pyrites, ac- 
companied with galena in a very extensive vein, which does not appear to belong to 
the same formation as the other veins of this region. 

The second metalliferous district lies in the northern part of Derbyshire, and in the 
conterminous parts of the neighboring counties. The districts called the Peak and 
King's-Field are the richest in workable deposites. The mines of Derbyshire are 
getting exhausted ; they are ver}' numerous, but in general inconsiderable. The 
galena extracted from them is treated with coal in reverberatory furnaces ; but the 
silver is not sought for. They yield annually 900 tons of lead ; with a certain quantitr 
of calamine, and a little copper ore. A vein of copper pyrites occurs at Ecton, in Staf- 
fordshire, on the borders of Derbyshire. The veins of Derbyshire are famous for the 
beautiful minerals which they have produced ; and particularly for the interruption which 
they almost constantly suffer at the contact of the trap-rock, called tctedstone, which is 
intruded among the limestone. 

The third metalliferous district is situated in Flintshire and Denbighshire, counties 
fcnrining the N.E. part of Wales. Next to Alston-Moor this is the most productive; 
furnishing annually 6,900 tons of lead, and a certain quantity of calamine. The galena 
is smelted in reyerberatory furnaces, and affords a lead far from rich in silver, which is 
therefore seldom subjected to cupellation. The mines occur partly in the metalliferous 
limeBtone, and partly in several more ancient rocks. 

To the S.£i of this district there exist still some lead mines in Shropshire. Tfac^ 
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lie, like the preceding, partly in the metalliferons limestone, and partly in the subjacent 
rocks. They yield annually from 700 to 800 tons of lead. 

Some mines of galena and calamine are mentioned in the Mendip hills, to the south 
of Bristol ; but they seem to be for the present abandoned. 

Besides the metallic mines just enumerated, the formation of the metalliferous lime- 
stone presents, in England, especially in the counties of Northumberland and Cumber- 
land, several coal mines, opened on coal strata included by the sandstone, which alter- 
nates with the limestone. 

MINES OF DAOURIA. 

The name Daouria is given to a great region wholly mountainous, which extends from 
the Baikal Lake to the eastern ocean. There is, perhaps, no other country in the world 
so rich in deposites of lead ores, as the part of this district which extends from the junc- 
tion of the rivers Chilca and Argoun, whose united waters form the river Amour, be- 
longing to Russia. The mines opened here constitute the third arrondissement oi the 
Siberian mines, called that of Nertchinsk, from the name of its capital, which lies more 
than 1,800 leagues east of Saint Petersburg. 

The ground of the metalliferous portion of Daouria is formed of granite, horns- 
chiefer, and schists, on which reposes a gray limestone, sometimes siliceous and argil- 
laceous, which contains a small number of fossils, and in which the veins of lead occur. 
The plains of these regions, often salt deserts, exhibit remarkable sandstones and 
pudding-stones ; as also vesicular rocks of a volcanic aspect. It appears that the metal- 
liferous limestone is much dislocated, and the lead veins are subject to several irregu- 
larities, which render their exploitation difficult and uncertain. The mines lie chiefly 
near the banks of the Chilca and the Argoun, in several cantons, at a considerable dis- 
tance from one another; wherefore it was requisite to build a great number of smelt- 
ing furnaces. The want of wood has placed difficulties in the working of some of 
them. The ore is galena, sometimes occurring in masses of several yards in diameter; 
having commonly for vein-stones ores of iron and zinc, of which no use is made. The 
galena itself, furnished by these mines in enormous quantities, receives a very different 
treatment from what it would do in a civilized counti'y ; for, though the lead which it 
produces contains only from 6 to 10 gros (1 to Ij ounce) of silver per quintal, it is for 
it alone that these mines are worked. The litharge produced by the cupellation is 
thrown away as useless ; so that heaps of it exist near the smelting-furnaces, says 
M. Patrin, higher than the houses. Only an insignificant quantity of it is reduced to 
lead for the uses of the country, or for those of the foundries in the arrondissement of 
Eoly wan. The silver extracted from the mines of Daouria, contains a very small pro- 
portion of gold. M. Patrin says that their annual product was, toward the yeat 1784, 
from 30,000 to 35,000 marcs of silver. The exploitation of some of the mines of 
Daouria goes back to the end of the 17th century. It has been commenced in some 
points by the Chinese, who were not entirely expelled from this territory till the be- 
ginning of the following century. A great part of the mines, however, has been opened 
up since 1760. 

Besides the lead mines, there are some unimportant mines of copper in Daouna, and 
in different explorations of this region, arsenical pyrites, from which arsenious acid is 
sublimed in factories established at Jutlack and at Tchalbutchinsky. 

About 45 leagues to the south of Nertchinsk, the mountain of Odon-Tchelon occurs, 
celebrated for the different gems or precious stones extracted from it. It is formed of 
a friable granite, including harder nobules or balls which enclose topazes ; it is very 
analogous to the topaz rock of Saxony. In this granite there are several veins filled 
with a ferruginous clay, which contains a great quantity of wolfram, and many emeralds, 
aqua-marines, topazes, crj-^stals of smoked quartz, &c. Multitudes of these minerals 
have been extracted by means of some very irregular workings. The mountain of 
Toutt-Ealtoui, situated near the preceding, offers analogous deposites. The presence 
of wolfram had excited hopes that tin might be found in these mountains ; hopes which 
have not hitherto been realized. There are some unworked deposites of sulphuret of 
antimony in this country. 

ON SOM£ OTHER LESS KNOWN MINE COUNTRIES. 

There seem t<5 exist in Brazil, besides the washings of the sands that produce the 
diamonds, the precious stones, the platinum, and almost all the gold of this country, 
some mines of gold, lead, and iron, opened up in very ancient geological formations ; 
but there is no silver mine, which indicates a great difference between the metalliferous 
deposites of this district and those of Spanish America. The lead mines occur particu- 
larly in the captainpr of Minas-Geraes, canton of Abaite. Their , exploitation has 
been undertaken within a few years. The captainry of Minas-Geraes contains 
extremely abundant deposites of black oxide of iron, and specular iron, which constitute 
beds or enormous masses, forming sometimes entire mountains ; along with numerous 
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veins of hematite and red oxide of iron. Lately these haye been opened up, and smell- 
ing-houses have been established at Gaspar-Saarez. There are also iron mines and 
foundries in the captainry of Saint-Paul. A mine of antimony occurs near Sahara, in 
the captainry of Minas-Geraes. 

In Africa, the inhabitants of the countries adjoining to the cape o€ Good Hope mine 
and smelt copper and iron ; and the Congo produces considerable quantities of these 
two metals. It is asserted that a great deal of copper exists in Abyssinia. On the 
banks of the Senegal the Moors and the Pouls fabricate iron in travelling forges. They 
employ as the ore the richest portions of a ferruginous sandstone, which seems to be a 
very modem formation. Lastly, the kingdoms of Morocco and Barbary appear to in- 
clude several copper and iron mines. 

The islands of Cyprus and Negropont, in the Mediterranean, were celebrated, in for- 
mer times, for their copper mines ; and several islands of the Archipelago presented 
gold mines, now abandoned. The same thing may be said of Macedonia and Thrace. 
The mountains of Servia and Albania contain iron mines ; and lead mines occur in 
Servia. Na\olia possesses iron and copper mines in the neighborhood of Tokat. Some 
also occur in Arabia and in Persia ; and in the territories round Caucasus, the kingdom 
of Imeretta is distinguished for its iron mines. The celebrity of the Damascus sabres 
attests the good quality of the products of some of the mines. Persia includes, besides, 
mines of argentiferous lead at Kervan, a few leagues from Ispahan; and Natolia fur- 
nishes orpiment. 

Some iron and copper mines have been mentioned in Tartary. Thibet passes for be- 
ing rich in gold and silver mines. China produces a great quantity of iron and mercu- 
ry, as well as white brass (tombac), which is much admired. The copper mines of this 
empire lie principally in the province of Yu Nan and the island of Formosa. Japan, 
likewise, possesses copper mines in the provinces of Eijunack and Sarunga. They seem 
to be abundant ; at a period not far back, they exported their products to Europe. Jap- 
an presents, moreover, mines of quicksilver. China and Japan contain also mines of 
gold, silver, tin, red sulphuret of arsenic, &c. Large deposites of the latter ore (realgar) 
are said to occur in the tin mine'of Kian-Fu, in China. But in that empire, as in Eu- 
rope, coal is the most important of the mining products. This combustible is explored, 
especially in the environs of Pekin, and in the northern parts of the empire. 

Iron mines exist in several points of the Burman empire, and of Hindostan. Near 
Madras there exist excellent ores of sparry iron, and black oxide, analogous to the Swe- 
dish ores. The Indian natural steel, named Wootz, has been held in considerable esti- 
mation among some eminent London cutlers ; but the iron and steel recently manufac-^ 
tured upon a great scale, near Madras, by Messrs. Heath and Co., from the crystallized 
magnetic ore of that country, will probably ere long rival, and eventually supersede in 
Europe the product of the Dannemara forges. The islands of Macassar, Borneo, and Ti- 
mor, include copper mines. As to the tin obtained from the island of Banca, from 
the peninsula of Malacca, and several other ])oints of southern Asia, it proceeds entirely 
from the washing of sands. The same is undoubtedly true of the gold furnished by 
the Philippine isles, Borneo, &c. It appears, however, that mines of gold and silver 
are worked in the island of Sumatra. 

MINES OF THE SECONDARY BOCK FORMATIONS. 

The most important mines of the secondary rocks, and perhaps of all minerals what- 
soever, are those worked in the most ancient of these strata, in the coal-measures. 

The British islands, France, and Germany, present several groups of small mountains 
primitive on the ridge, and transition on the flanks ; in the sinuosities between which 
deposites of coal occur. The principal of these have become great centres of manufac- 
tures ; for Glasgow, Newcastle, Sheffield, Birmingham, Saint-Etienne, &c., owe their 
prosperity and their rapid enlargement to the coal, raised, as it were, at their gates in 
enormous quantities. Wales, Flanders, Silesia, and the adjacent parts of Gallicia, owe 
equaUy to their extensive collieries a great portion of their activity, their wealth, and 
their population. Other coal districts, less rich, or mined on a less extended scale, have 
procured for their inhabitants less distinguished, but by no means inconsiderable, ad- 
vantages; such, for examples in Great Britain, are Derbyshire, Cheshire, Lancashire, 
Shropshire, Warwickshire, the environs of Bristol &.c. ; some parts of Ireland ; in 
France, Litry department of Calvados, Comanterie, Saint-Georges-Chatelaison, Aubin, 
Alais, le Creusot^ Ronchamps,in the Prussian provinces of the left bank of the Rhine; 
the environs of Saarebriick^ several points of the north of the territory of Berg and La- 
marck, of Mansfeld, of Saxony, Hungary, Spain, Portugal, the United States, &c. 

We need not enter here .into ampler details on coal mines, reserving these particulars 
for the article Pitcoal. 

Nature has deposited alongside of coal an ore whose intrinsic value alone is very 
small, but whose abundance in the neighborhood of fuel becomes extremely precions to 
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man ; we allade to the clay-ironstone of the coal-measures. It is extracted in enor- 
mous quantities from the coal-basins of Scotland, Yorkshire, Staffordshire, Shropshire, 
and South Wales. 

Much of it is also raised from the coal strata of Silesia ; and the French entertain 
hopes of finding a supply of this necessary ore in their own country. The iron-works 
of England, which are supplied almost entirely from this iron-stone reduced with the 
coke or coal, pour annually into commerce more than one million tons of cast and bar 
iron, the value of which has been estimated at eight millions sterling; an amount fully 
equal to the product of all the mines of Spanish America. 

The shale or slate-clay of the coal-measures contains sometimes a rery large quan- 
tity of pyrites, which, decomposing by the action of air, with or without artificial heat, 
produces sulphate of iron and sulphate of alumina ; whence copperas and alum are 
manufactured in great abundance. 

The lead mines of Bleyberg and Gemiind, near Aix-la-Chapelle, are explored in a 
sandstone referred by many geologists to the red sandstone. The ore consists princi- 
pally of nodules, of galena disseminated in this rock. They are very abundant, and of 
very easy exploration. These mines produce annually from 700 to 800 tons of lead, 
which does not contain silver in sufficient proportion to be worth the extracting. 2,000 
tons of ore are prepared and sold in the form of black lead dust (alqui/oux). 

The manganese mines worked in the open air near Exeter, in England, occur in a 
sandstone analogous to the red. ' 

The calcareous formation which surmounts the coal-sandstone, called by geologists 
sechsteiny magnesian limestone, and older alpine limestone, contains difierent deposites of 
metallic ores ; the most celebrated being the cupreous schist of Mansfeldt, s^tratum of 
calcareous slate from a few inches to two feet thick, containing copper pyrites in suffi- 
cient quantity to afford 2 per cent, of the weight of the ore of an argentiferous copper. 
This thin layer displays itself in the north of Germany over a length of eighty leagues, 
from the coasts of the Elbe to the banks' of the Rhine. Notwithstanding its thinness 
and relative poverty, skilful miners have contrived to establish, on dificrentj;)oints of 
this slate, a number of important explorations, the moift considerable being in the terri- 
tory of Mansfeldt, particularly near Rottenburg. They produce annually 2,000 tons of 
copper, and 20,000 marcs of silver. We may also mention those of Hessia, situated 
near Frankenberg, Bieber, and Riegelsdorf. In the latter, the cupreous schist and its 
accompanying strata are traversed by veins of cobalt, mined by the same system of un- 
derground workings as the schist. These operations are considerable ; they extend, in 
the direction of the strata, through a length of 8,700 yards, and penetrate downward to 
a very great depth. Three galleries of efflux are to be observed; two of which pour 
their waters into the Fulde, and the third into the Verra, One of them runs about 20 
yards below the most elevated point of the workings. These mines have been in ac- 
tivity since the year 1530. Analogous mines exist near Saalfeld, in Saxony. 

To the same geological formation must probably be referred the limestone which con- 
tains the sparry Iron mine of Schmlacalden, at the western foot of Thuringerwald, 
where there has been explored from time immemorial a considerable mass of this ore 
known by the name of Stahlberg. The working is executed in the most irregular man- 
ner, and has opened up enormous excavations ; whence disastrous ruins have taken 
place in the mines. It furnishes annually 4,500 tons of ore, which keep in play a great 
number of furnaces, where a deal of iron and steel is manufactured. 

At Tamowitz, 14 leagues S.E. of Oppeln, in Siberia, the zechstein contains, in some 
of its strata, considerable quantities of galena and calamine; into which mines have 
been opened, that yield annually from 600 to 700 tons of lead, 1,000 to 1,100 marcs of 
silver, and much calamine. Mines of argentiferous lead are noticed at Olkutch and 
Jaworno, in Gallicia, about 6 leagues N.E. of Cracow, and 15 leagues E.N.E. of Tarno- 
witz. Their position peems to indicate that they belong to the same formation ; and 
possibly those of Willach and Bleyberg in Carinthia have the same locality. 

There has been discovered lately near Confolensy in the department of la Ckarente, in 
a .secondary limestone, calcareous beds, and particularly subordinate beds of quartz, 
which contain considerable quantities of galena. At Figeac also, in the department of 
le JLoif deposites of galena, blende, and calaminfe, occur in a secondary limestone. At 
la Voulte, on the banks of the Rhone, there is mined, in the lower courses of the lime- 
stones that constitute a great portion of the department of the Ardeche, a powerful bed 
of iron ore. 

It is in the zechstein , or in the sandstones, and trap rocks of nearly the same age, 
that the four great deposites of the sulphuret of mercury, of laVia, the Palatinate, Jl- 
maden, and HuancaveKca, are mined. 

The formation which separates the zechstein from the lias {calcaire a gryphifes), called 
new red sandstone and red marl in England, and bunter-sandstein, muschelkalk, and 
qtiadersandstein. in Germany, presents hardly any important mines except those of rock 
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salt ; which enrich it, not only in the centre of Europe, aa in Cheshire, at Vic, Wieliczka, 
Bochnia, and Salzbourg, but in many other parts of the world. 

The lias contains often very pyritous lignites, which are mined in many places, and 
particularly at Whitby and Guisborough in Yorkshire, for the manufacture of alum and 
copperas. 

The oolitic limestones contain strata of iron ore, which are mined in some districts of 
France. 

The iron sand (Hastings sand) beneath the chalk formation, is often so strongly im- 
bued with iron as to be worth the working. 

The lowest beds of the chalk contain iron pyrites, which has become the object of an 
important exploration at Vissaru, on the southern coast of the Pat-de-CcUaia, where it is 
conyerted into sulphate of iron. The waves turn the nodules out of their bed, and roll 
them on the shore, where they are picked up. 

If the chalk be poor in useful minerals, this is not the case with the plastic clay for- 
mation above it ; for it contains important mines. In it are explored numerous beds 
of lignite (wood-coal), either as fuel or a vitriolic earth. From these lignite deposites, 
also, the yellow amber is extracted. 

The other tertiary formations present merely a few mines of iron and bitumen. 

Several of the secondary or tertiary strata contain deposites of sulphur, which are 
mined in various countries. 

The formations of a decidedly volcanic origin afford few mining materials, if we ex- 
cept sulphur, alum, and opals. 

MINES OF THE ALLUVIAL STRATA. 

» 

This formation contains very important mines, since from it are extracted all the dia- 
monds, and almost all the precious stones, the platinum, and the greatest part of the gold, 
with a considerable portion of the tin and iron. The diamond mines are confined nearly 
to Brazil, and to the kingdoms of Golconda and Yisapour in the East Indies. 

MORTAR, HYDRA.ULIC. Professor Kuhlmann, of Lisle, obuined a patent in 
April, 1841, in the name of Mr. Newton, for certain improvements in the manufacture 
of lime-cement and artificial stone ; and of which he gave me a sample, possessed of a 
hardness and solidity fit for the sculptor. 

In operating by the dry method, instead of calcining the limestone with sand and 
clay alone, as has been -hitherto commonly practised, the inventor introduces a small 
quantity of soda, or, preferably, potash, in the state of sulphate, carbonate, or muriate ; 
salts susceptible of forming silicates when the earthy mixture is calcined. The alkaline 
salt, equal in weight to about one fifth that of the lime, is introduced in solution among 
the earths. 

All sorts of lime are made hydraulic, in the humid way, by mixing slaked lime with 
solutions of common alum or sulphate of alumina ; but the best method consists in em- 
ploying a solution of the silicate of potash, called liquor of flints, or soluble glass, to mix 
in with the lime, or lime and clay. An hydraulic cement may also be made which will 
serve for the manufacture of architectural ornaments, by making a paste of pulverized 
chalk, with a solution of the silicate of potash. The said liquor of flints will likewise 
give chalk and plaster a stony hardness, by merely soaking them in it after they are cut 
or moulded to a proper shape. On exposure to the air, they get progressively indurated. 
Superficial hardness may be readily procured by washing over the surface of chalk, &c., 
with liquor of flints, by means of a brush. This method aiSbrds an easy and elegant 
method of giving a stony crust to plastered walls and ceilings of apartments ; as also to 
statues and busts, cast in gypsum, mixed with chalk. 

The essential constituents of every good hydraulic mortar, are caustic lime and 
silica ; and the hardening of this compound under water consists mainly in a chemical 
combination of these two constituents through the agency of the water, producing a 
hydrated silicate of lime. But such mortars may contain other bases brides lime, as 
for example clay and magnesia, whence double silicates of great solidity are formed ; 
on which account dolomite is a good ingredient of these mortars. But the silica must 
be in a peculiar state for these purposes; namely, capable of aflfording a gelatinous paste 
with acids ; and if not so already, it must be brought into this condition, by calcining 
it along with an alkali or an alkaline earth, at a bright red heat, when it will dissolve, 
and gelatinize in acids. Quartzose sand, however fine its powder may be, will form no 
water mortar with lime ; but if the powder be ignited with the lune, it then becomes fit 
for hydraulic work. Ground felspar or clay forms with slaked lime no water cement ; 
but when they are previously calcined along with the lime, the mixture becomes capable 
of hardening under water. 

The mastic called HameHn's, and so much employed in London, is composed of 
ground Portland stone (roe stone), sand, and litharge, in the proportion of 62 of the 
first, 35 of the second, and 3 of the third, in 100 parts ; but other proportions will alao 



Ite MUSQUET. 

answer the purpose. I find that chalk will not make a good mastic ; being too com- 
pact to permit the air to insinuate between the pores, and to produce the concretion of 
the linseed oil, with which the above mixture is worked up and applied. This mastic 
soon acquires great hardness, and is totally impervious to water. The surface to which 
it is to be applied must be dry, and smeared over with linseed oil. Considerable dex- 
terity is required to make good work with it. The fine dust of sandstone alone, mixed 
with 10 or 12 per cent, of litharge, and 7 per cent, of linseed oil, forms an excellent 
mastic. 

Limestone, which contains so much as 10 per cent, of clay, comports itself after cal- 
cination, if all the carbonic acid be expelled, just as pure limestone would do. When 
it is less strongly burned, it afibrds, however, a mass which hardens pretty speedily in 
water. If the argillaceous proportion of a marl amounts to 18 or 20 per cent., it still 
will slake with water, but it will absorb less of it, and forms a tolerably good hydraulic 
mortar, especiaUy if a little good Roman cement be added to it. When the proportion 
of clay is 25 or 30 per cent, after burning, it heats but little with water, nor does it 
slake well, and must therefore be ground by stampers or an edge millstone, when it is 
to be used as a mortar. This kind of marl yields commonly the best water cement 
without other addition. Should the quantity of clay be increased further, as up 
to 40 per cent., the compound will not bear a high or long-continued heat without being 
spoiled for making hydraulic mortar after grinding to powder. When more strongly 
calcined, it forms a vitriform substance, and should, after being pulverized, be mixed 
up with good lime, to make It water jnortar. If the marls, in any locality, diflfer much 
in their relative proportions of lime and alumina, as may be readily ascertained by the 
use of my lime-proof apparatus (see jSppendix), then^he several kinds should be mixed 
in such due proportions as to produce the most speedily-setting and most highly-indura- 
ting hydraulic cement. 

MUNDICK. The name given by the Cornish miners to iron or arsenical pyrites. 

MUSK. The musk deer, from the male of which animal species the bag containing 
this valuable drug is obtained, is a native of the mountainous Kirgesian and Langorian 
steppes of the Altai, on the river Irtish, extending eastward as far as the river Jenesi 
and Lake Baikal ; and generally of the mountains of eastern Asia, between 30^ and 
60° of N. L. Two distinct kinds of musk are known in commerce, the first being the 
Chinese Tonquin, Thibetian, or Oriental, and the Siberian or Russian. The Chinese 
is regarded by Dr. Goebel as the result of ingenious adulterations of the genuine article 
by that crafly peopl^. The Russian musk is genuine, the bags never being opened, 
are consequently never sewn, nor artificially closed, like those imported into London 
from China. The former is sometimes so fresh, that moisture may be expressed from 
the bag by cutting through its fleshy side. The interior mass is frequently of a soft 
and pappy consistence ; but the surface of the bag is perfectly dry. The Chinese bags 
are found invariably to have been opened and again glued together, more or less neatly ; 
though sometimes the stitches of the sewing are manifest. Mr. Dyrssen, an eminent 
merchant at -St. Petersburgh, states that during the many years he has been in the trade, 
although he has received at a time from 100 to 200 ounces from London, yet in no 
case whatever has he met with a bag which had not been opened, and closed with more 
or less ingenuity. The genuine contents seem to have been first removed, modified, 
and replaced. M. Guibourt gives the following as the constituents of a Chinese musk- 
bag : 1, water ; 2, anmionia ; 3, solid fat or stearine : 4, liquid fat or elaine ; 5, cho- 
lesterine; 6, acid oil, combined with ammonia; 7, volatile oil ; 8-10, hydrochlorates 
of anmionia, potassa, and lime ; 11, an undetermined acid ; 12, gelatin; 13, albumen; 
14, fibrin ; 15, carbonaceous matter soluble in water ; 16, calcareous salt ; 17, carbo- 
nate of lime ; 18, hairs and sand. 

From June, 1841, to June, 1842, a duty of 6d, per ounce was paid at the port of 
London alone upon 969 ounces of musk. The prices of grain musk of the best quality 
(the matter without the bag) varies from 60s, to 955. per ounce. 

There is a superior musk imported now from the United States, which is nearly free 
from the carbonate of lime, so abundant in the bags of the Siberian musk. 

MUSQUET. It is now fourteen years since the Hon. Board of Ordnance, with the 
view of introducing the use of percussion firearms into the British army, employed me 
to investigate experimentally the best mode of preparing the priming powder for that 
purpose. The result of these experiments was presented in a report, the substance of 
which is given under the article " Fulminate" in the Dictionary. During this long in- 
terval, Mr. Lovell, inspector of small- arms for her majesty's service, and director of the 
Royal Manufactory, at Enfield Chase, has directed his ingenious mind to the construc- 
tion of a sure, simple, and strong musquet,with which, under his able superintendence, 
the whole of her majesty's soldiers are now provided. He has also furnished them 
with a short, but clear set of instructions, for the cleaning and management of these 
excellent arms, illustrated by a series of wood engravings. From this little work the 
following notice is copied : — 



MUSQUET. 



199 



Fig, 94. Tlie barrel, reduced to one-seyenth size, a, the breach ; b, the nipple-seat 
or lump ; c, the back-sight ; d, the back loop ; e, the middle loop ; /, the swivel-loop; 
g, the front-loop with the bayonet-spring attached ; A, the front sight ; i, the muzzle. 

Fig, 95. The breech-pin, half size, a, the tang ; b, the neck ; c, the screw-threads ; 
dy the face. 
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Fig, 96. The bayonet-spring, two ways, half size, a, the shank; b, the nedc; c, 
the hook ; d, the mortice. 

Fig, 97. The nipple, iVift size, a, the cone; 6, the squares; c, the shoulder; d, 
the screw-threads ; e, the touch-hole. 

J*ig. 98. The rammer, reduced to one-seventh size, a, the head ; 6, the shaft ; c, 
the screw-threads. 
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Fig. 99. The lock outdde, half size, a, the plfttei ft, die cock; ^, the ttuoUeivfiii; 
dy the hdlow for the nipple seat. ' 




Fig* 100. The lock inside, half size, showing all the parts in |heir places with the cock 
down at bearer, a, the main-spring; 5, the sear-spring; c, the sear; d, the tombkr; 




e, the bridle; /, the main-spring; g, the sear-pin; h, the sear-spring-^in ; i, the 
bridle^iji. 

N. 



NITRE (Saltpetre), and NITRATE OF SODA (0«Wc nitre), imported for home 
consumption in 1839, 314,543 cwts. ; in 1840, 369,204; duty 6d, per cwt. 

NITROMETER. See Jppendix, 

NUTMEGS; imported for consumption in 1839, 133,470 lbs.; in 1840, 118,554; 
dnty from British possessions, 2$. 6d. ; from foreign, 3«. 6d. per lb. 

O. 

OIL, COCOA-NUT; imported for consumption in 1839, 15,153 cwts.; In 1840, 
37,269 ; duty, 1*. 3d. per cwt. 

OIL, OLIVE; imported for consumption in 1839, 1,806,178 gallons; in 1840, 
1,985,902; duty Sd. per gallon. 

OIL, PALM; imported for consumption in 1839, 262,910 cwts.; in 1840, 314,881; 
duty, U. 3(2. per cwt. 

OIL, train, spermaceti, and blubber; imported for consumption in 1839, 21,438 
tuns; in 1840, 19,955, of British fishing la. per ton; of foreign fishing, 26/. 12«. 
per tun. « 

The numerous uses of unctuous oils give importance to their preparation, as articles 
<kf food, or for burning in lamps, and for the manufacture of soaps, it>c. llie seeds 
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iDOtt productire of oil are those of colza (a species of cabbage, bnunea aireiim), rape, 
mustard, sesamom, poppy, liaseed, hemp, and beechmast. Nuts afford an oil that is much 
esteemed for certain purposes, and may be easily obtained by pressure. The following 
table indicates the quantities of oil which ean be extracted from different fruits, and 
some other substances : — 



100 Parts of each 


Oil p«r Cent. 


100 Partf of each. 


Oil per Cent 


WaUiuts 


40 to 70 


WUd mustard seed • 


30 


Castor-oil seeds 


62 


Camelina-seed 


28 


Hazel-nuts ... 


60 


Weld-seed - 


29 to 36 


Garden cress seed - 


56 to 58 


Gourd-seed - - - 


25 


Sweet almonds 


40 to 54 


Lemon-seed . - 


25 


Bitter almonds 


28 to 46 


Onocardium acanike, or 




Poppy-seeds - - - 


56 to 63 


bear's foot - 


26 


Oily radish seed - 


50 


Hemp-seed ... 


14 to 25 


Sesamnm (j^goline) 


50 


Linseed - . - - 


11 to 22 


Lime-tree seeds 


48 


Black mustard seed 


15 


Cabbage-seed 


30 to 39 


Beechmast - - - 


15 to 17 


White mustard r- 


36 to 38 


Sunflower-seeds 


15 


Rape, colewort, and Swe- 




Stramonium, or thorn- 




dish turnip seeds - 


33-6 


apple-seeds 


15 


Plum kernels - - - 


33-3 


Grape-stones - . . 


14 to 22 


Colza-seed - - - 


36 to 40 


Horse chestnuts - 


1-2 to 8 


Rape-seed ... 


30 to 36 


St. Julian plum 


18 


Euphorbium (spurge seed) 


30 




1 



To obtain the above proportions of oil, the fruits must be all of good quality, deprived 
of their pods, coats, or invducra^ and of all the parts destitute of oil, which also must be 
extracted in the best manner. 

The following table is given by M. Dumas, as exhibiting the practical results of the 
French seed oil manufacturers : — 





Weight per Hectolitre. 


Produce in Litrsi . 


Summer colza - 


54 to 65 kilogs. 


21 to 25 


Winter colza 


56to70 — 


25 to 28 


Rape-seed 


55 to 68 — 


23 to 26 


Camelina-seed ... 


53 to 60 — 


20 to 24 


Poppy-seed - - - 


54 to 62 — 


22 to 25 


Madia Sativa ... 


40 to 50 — 


12 to 15 


Beechmast ... 


42 to 50 — 


12 to 15 


Hemp-seed . . 


42 to 60 — 


12 to 16 


Linseed .... 


By sample, 67. 


10 to 12 


Stripped walnuts . . - 


From 100 kilogs. 


46 to 50 


Sweet almonds ... 


— 100 — 


44 to 48 


Olives .... 


— 100 — 


10 to 12 



Colza, rape-seed, and cameline oils are employed for lamps; poppy, madia saiiva, are 
employed, when recent, as articles of food — or for soaps and paintings ; hemp-seed and 
linseed for painting, soft soaps, and for printers' ink ; walnut oil, for food, painting, and 
lamps ; olive oil, for food, soaps, lamps. 

In extracting oil from seeds, two processes are required — 1st, trituration; 2d, ezpres- 
sion ; and the steps are as follows : — * 

1. Bruising under revolving heavy-edge millstones, in a circular bed, or trough of iron, 
bedded on granite. 

2. Heating of the bruised seeds, by the heat either of a naked fire or of steom. 

3. First pressure or crushing of the seeds, either by wedges, screw, or hydraulic presses. 

4. Second crushing of the seed cakes of the first pressure. 

5. Heating the bruised cakes j ar\d 6. A final crushing. 

The seeds are now very generally crushed, first of all between two iron cylinders 
revolving in opposite directions, and fed in from a hopper above them ; after which they 
yield more completely to the triturating action of the edge stones, which are usually 
hooped round with a massive iron ring. A pair of edge millstones of about 7 or 71 
feet in diameter, and 25 or 26 inches thick, weighing from 7 to 8 tons, can crush, in 
12 hours, from 2} to 3 tons of seeds. The edge-millstones serve not merely to grind 
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the seeds at first, but to triturate the cakes after they have been crushed in the i^ress'. 
Old dry seeds sometimes require to be sprinkled with a little water to make the oil 
come more freely away ; but this practice requires great care. 

The apparatus for heating the bruised seeds consists usually of cast-iron or copper 
pans, with stirrers moved by machinery. Figs. 101, 102, 103, 104, represent the heaters 
by naked fire, as mounted in Messrs. Maudsley and Field's excellent seed crushing 
nulls, on the wedge or Dutch plan. 

Fig. 101 is an elevation, or side view of the fireplace of a naked heater ; fig. 102 
is a plan, in the line UU oifig. 101. Fig. 103, is an elevation and section parallel to 
the line YV of fig. 102. Fig. 104, is a plan of the furnace, taken above the grate 
of the fireplace. 
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A, fireplace shut at top by the cast-iron plate B ; called the fireplate. 

C, iron ring-pan, resting on the plate B, for holding the seeds j which is kept in its 
place by the pins or bolts a. 

D, funnels, briichen, into which by pulling the ring-case c, by the handles fc, b, the 
seeds are made to fall, from which they pass into bags suspended to the hooks c. 

"Ejfig. 103, the stirrer which prevents the seeds from being burned by continued 
contact with the hot plate. It is attached by a turning-joint to the collar F, which 
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tarns with the shaft 6, and slides up and down npon it. H, a bevel wheel, in gear 
with the bevel wheel I, and giving motion to the shaft 6. 

K, a lever for lifting up the agitator or stirrer £. e, a catch for holding up the 
lever K, when it has been raised to a proper height. 

Fig. 105, front elevation of the wedge se^-crushing machine, or wedge-press* 
Fig, 106, section, in the line XX, of ^g. 107. 

106 y 105 J 




Fig, 107, horizontal section, in the line YY, of fig. 106. 
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A, A, Upright guides, or frame-work of wood. 

B, B, Side guide-rails. 

D, Driving stamper of wood which presses out the oil ; C, spring stamper, or re- 
lieving wedge to permit the bag to be taken out when sufficiently pressed. E is the 
lifting shaft, having rollers, b, 6, b, b, fig, 106, which lift the stampers by the cams, 
f*} *^f fig' 106. F, is the shaft from the power-engine, on which the lifters are fixed. 

G, is the cast iron press-box, in which the bags of seed are placed for pressure, later- 
ally by the force of the wedge. 
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o, jigs. 105 and 108; the spiring, or relieving wedge, 
e, Ughter rail ; d, lifting-rope to ditto. 
/, /, /, /, flooring overhead. 

g, figs. 105 and 108 ; the back iron, or end-plate minutely perforated. 
A, the horse-hair bags (called hairs), containing the flannel bag, charged with seed; 
t, the dam-block ; m, the spring wedge. 

JFig. 107, A, upright guides; C, and D, spring and driving stampers; E, lifting 
roller ; F, lifting shaft ; o, o, cams of stampers. 

Fig. 108, a view of one set of the wedge-boxes, or presses ; supposing the front of 
them to be removed. 

Fig, 108 ; 0, driving wedge ; g, back 
iron ; h^ hairs ; t, dam-block ; k, speer- 
ing or oblique block, between the two 
stampers; Z, ditto; n, ditto; m, spring 
wedge. 

When in the course of a few minutes 
the bruised seeds are sufficiently heated 
in the pans, the double door FF is with- 
drawn, and they are received in the bags, 
below the aperture G. These bags are 
made pf strong twilled woollen cloth, 
woven on purpose. They are then 
wrapped in a hair-cloth, lined with 
leather. 

The first pressure requires only a dozen blows of the stamper, aftpr which the pouches 
are left alone for a few minutes till the oil has had time to flow out ; in which interval 
the workmen prepare fresh bags. The former are then unlocked, by making the stamper 
fall upon the loosening wedge or key, m. 

The weight of the stampers is usually from 500 to 600 pounds ; and the height from 
which they fall upon the wedges is from 16 to 2'1 inches. 

Such a mill as that now described, can produce a pressure of from 50 to 75 tons 
upon each cake of the following dimensions : 8 inches in the broader base, 7 inches 
in the narrower, 18 inches in the height ; altogether nearly 140 square inches in surface, 
and about | of an inch thick. 

OILS, ADULTERATION OF. M. Heidenreich has found in the application 
of a few drops of sulphuric acid to a film of oil, upon a glass plate, a means of ascer- 
taining its purity. The glass plate should be laid upon a sheet of white paper, and a 
drop of the acid let fall on the middle of ten drops of the oil to be tried. • 

With the oil of rape-seed and turnip-seed, a greenish blue ring is gradually formed at 
a certain distance from the acid, and some yellowish brown bands proceed from the 
centre. 
With oil of black mustard, in double the above quantity, also a bluish green color. 
With whale and cod-oil, a peculiar centrifugal motion, then a red color, increasing 
gradually in intensity ; and after sometime, it becomes violet on the edges. 
With oil of camdine, a red color, passing into bright yellow. 
Olive-oil, pale yellow, into yellowish green. 

OU of poppies and sweet almonds, canary yellow, passing into an opaque yellow. 
Of linseed, a brown magma, becoming black. 
Of tallow or oleine, a brown color. 

In testing oils, a sample of the oil imagined to be present should be placed alongside 
of the actual oil, and both be compared in their reactions with the acid. A good way 
of approximating to the knowledge of an oil is by heating it, when its peculiar odor 
becomes more sensible. 

Specific gravity is also a good criterion. The following table is given by M. Hei- 
denreich : — 



Oleine or Tallow Oil - - - - 
Oil of Turnip Seed - - - - 

Rape Oil 

Olive OU 

Purified Whale Oil ... - 

Oil of Poppies 

OU of Camelina 

Linseed OU- - - - - - 

Castor Oil 


Sp. Gr. 


Gay-Lussac's Alcoholm. 


0-9003 
0-9128 
0-9136 
0-9176 
0-9231 
0-9243 
0-9252 
0-9347 
0-9611 


66 

60-75 

60-20 

58-40 

55-80 

55-26 

54-75 

50 

33-76 
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M. Lanxot, a Parisian chemist, finds that coica oil (analogou to rapeseed oil) may 
be tested for sophistication with cheaper vegetable oils bjr the increase of density 
which it therefrom acquires, and which becomes very evident when the several oils 
are heated to the same pitch. The instrument, which he calls an oleometer, is merely 
a hydrometer, with a very slender stem. He plunges it into a tin cjflinder, filled with 
the oil, and sets this cylinder in another* containing boiling water. His oleometer is 
so graduated as to sink to zero in pure colza oil so heated ; and he finds that it stops 
at 210° in linseed oil, at 124-^ in poppy-seed oil, at 83^ in fish oil, and at 136^ in hemp- 
seed oil — aU of the same temperature. By the increase of density, therefore, or the 
ascent of the stem df the hydrometer in any kind of colza oil, he can infer its degree 
of adulteration. 

The presence of a fish oil in a vegetable oil is readily ascertained by agitation with a 
little chlorine gas, which blackens the fish oil, but has little or no effect upon the 
vegetable oil. 

'I find that lard oil, and also hogs' lard, are not at all darkened by chlorine. 

A specific gravity, bottle or globe, having a capillary tube-stopper, would make an 
excellent oleometer, on the above principle. The vessel should be filled with the oil, 
and exposed to the heat of boiling water, or steam at 212^, till it acquires that tem- 
perature, and then weighed. The vessel with the pure colza oil will weigh several 
grains less than with the other oils similarly treated. 3uch an instrument would serve 
to detect the smallest adalterations of sperm oil. Its specific gravity at 60^ when 
pure is only 0'875; that of southern whale oil is 0*922, or 0*925; and hence their 
mixture will give a specific gravity intermediate, according to the proportion in the 
mixture. Thus I have been enabled to detect sperm oil in pretended lard oil, in my 
examination of^ils for the customs. 

OPIUM. Imported for consumption in 1839, 41,632 lbs. ; in 1840, 46,736 ; duty, 
1«. per lb. ' 
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PAPER. The construction of wire-web cylinders for paper-making machines, and 
the combination of two such cylinders in one machine, by the use of which two distinct 
thicknesses of paper pulp are obtained, and applied face-wise, to form one thick sheet, 
were made the subject of a patent under the name of John Donkin. Two cylinders 
are so placed in a vat that their circumferences are nearly in contact, and by being 
turned in opposite directions, they bring' two sheets of paper pulp into contact, and in- 
corporate them into one, by what is technically termed coudting. 

An extensive patent for improvements in the manufacture of paper was granted to 
Charles Edward Amos in 1840. These consist, first, in gradually lowering the roll of 
the engine in which the rags are prepared and converted into pulp ; secondly, in a mode 
of regulating the supply of pulp to the paper-making machine, in order to produce papers 
of any required thickness ; thirdly, in an improved sifter or strainer through which the 
pulp is passed for clearing it of knobs and lumps ; fourthly, in certain modifications of 
the parts of the machine in which the pulp is 'deposited and moulded into continuous 
lengths of paper ; fifthly, in an improved method of heating the cylinders of the drying 
apparatus ; and, sixthly, in improvements of the machinery for cutting the paper into 
sheets of any required dimensions. - The details of these ingenious contrivances, illus- 
trated with engravings, are given in Newion^a Journal, xx., p. 153., C. S. 

Henry Crossley purposes to manufacture paper from waste tan, and spent hops — 
with what success I have not heard. Joseph Hnghes gives a higher finish to the long 
web of paper by friction between two cylinders, the one of which moves much quicker 
than the other, both being covered with felt or not, at pleasure. 

Mr. John Dickinson, the eminent paper manufacturer, obtained a patent in 1840 
for a new mode of sizing paper continuously, in an air-tight vessel (partly exhausted 
of air), by unwinding a scroll of dried paper from a reel, and conducting it through 
heated size ; then, aAer pressing out the superfluous size, winding the paper on to an- 
other reel. 

A longitudinal section of the apparatus employed for this purpose is represented 
fig. 109 ; where a is the air-tight vessel ; 6, the reel upon which the paper to be sized 
is wound ; whence it proceeds beneath the guide-roller c, and through the warm size 
to another guide-roller d. It thence ascends between the press-rolls, e,/ (by whose 
revolution the paper is drawn from the reel 5), and is wound upon the reel g. A fioat 
h is suspended from the cross-bar i, of the vessel a, for the purpose of diminishing the 
surface of size exposed to evaporation ; and beneath the bottom of the vessel is lui 
I 
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enclosed space j, into which steam or hot water is introduced for maintaining the tem> 
perature of the size. — Newton*$ Journal, xxiii. 20. 




Messrs. Charles Cowan and Adam Ramage, paper-makers, patented, in 1840, im- 
proved rag machinery j in which a cylindrical sieve or strainer of wire-cloth, of a 
peculiar construction, is substituted for the ordinary strainers, by which the dirty water 
is separated from the pulp. They do not claim the cylindric form or sieve, but " the 
adding or applying, and combining within the interior of such drum, scoops^ or 
buckets, for the purpose of elevating the water, which has entered into it through its 
wire circumference, so that the water when elevated may be able to run by its own 
gravity out of the hollow around the central axis of the drum into any suitable shoot 
or trough, and escape at a level above the surface of the water and rags or material 
contained in the paper-machine." 

Thomas Barrett claims, in his patent of 1841, " a mode of drying paper by applying 
streams of air to its two surfaces, as it passes over the steam cylinders, whether in the 
state of engine size or water leaf, or after sizing ; as also, the application of currents of 
air to the surfaces of paper, after sizing, in order to cool the size ; as the paper is pass- 
ing to the drying cylinders." 

The improvements in paper-making, for which T. W. Wrigley, of Bridge Hall 
Mills, Bury, obtained a patent In 1842, relate to the rag engine, figs. 110, 111, 112, 
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113. Fig, 110 is a side elevation; fig. Ill, a transverse section, taken lengthwise 
through nearly its middle; fig. 112, a plan view of the apparatus detached upon a 





larger scale; and fig. 113 is an elevation. The vessel in which the rags are placed is 
shown at a a, and in about the centre of this vessel the beating or triturating roll, b, b, 
is placed: it is surrounded with the blades or roll bars, c c, fig. 111. The roll is 
mounted upon a shaft, d d, one end of which is placed in a pedestal or bearing on the 
further side of the chamber a, and the other in a bearing upon the arm or level e e*, 
fig. 110, which is supported by its fulcrum, at the end e*, in one of the standards,/ /, 
and at the other end by a pin fixed in the connecting rod, g g. At the upper end of 
this connecting rod there is a cross-piece, or head h, having turned pivots at each end 
upon which are placed small rollers, i i, resting upon a horizontal cam, fe fe, which is 
made to revolve. This cam, fe fe, by means of its gearing, causes the roll b first of all 
to wash the rags a short time, then to be lowered at whatever rate is desired for break- 
ing the fibres; to be maintained at the lowest point for the required number Of revolu- 
tions for beating ; and to be raised and retained, as required, for the final purpose of 
clearing the pulp. The upper or working edge of this cam is to be shaped exactly 
according to the action required by the engine roll; as, for instance, suppose the 
previous operation of washing to be completed, and the time required for the operation 
of the rag machine to be three hours, one of which is required for lowering the roll, 
that, or the first division of the working surface of the cam, fe fe, must be so sloped or 
inclined, that, according to the speed at which it is driven, the rollers upon the cross- 
head shall be exactly that portion ef the lime descending the incline upon the cam, 
and consequently lowering the roll upon the plates v,fig. ill ; and if the second hour 
shall be required for the roll to beat up the rags, the roll revolving all the time in 
contact with the plates, the second division of the cam, fe fe, must be so shaped (that 
is, made level), that the roll shall be allowed to remain, during that period, at its lowest 
point ; and if the third portion of the time, or an hour, be required for raising the roll 
again, either gradually or interruptedly, then the third division of the cam, fe, must be 
suitably shaped or inclined, so as to cause the cross-head to lift the roll during such 
interval or space of time ; the particular shape of the inclined portions of the cam de- 
pending on the manner in which the manufacturer may wish the roll to approach to or 
recede from the bottom plates, during its descent and ascent respectively. 

Its mode of connexion and operation in the rag engine is as follows : supposing that 
the rags intended to be beaten up are placed in the vessel a, fig. Ill, and motion is 
communicated, from a steam-engine or other power, to the farther end of the shaft rf, 
the roll 6, will thus be caused to revolve, and the rags washed, broken, and beaten up, 
as they proceed from the front weir m, over the bottom plates », and again round by 
the back weir o. There is a small pulley p, upon the near end of the shaft d, round 
which a band q passes, and also round another pulley r, upon the cross shaft s ; upon 
- this shaft is a worm /, gearing into a worm-wheel u, fixed upon another shaft v, below ; 
upon the reverse end of which is a pinion w, gearing into a spur-wheel x, upon the end 
of a shaft y ; and upon the centre of this shaft y, there is another worm z, gearing 
into a horizontal worm-wheel 1, upon which the cam, fe fe, is fixed. Thus it will be 
seen, that the requisite slow motion is communicated to the cam, which may be made 
to perform half a revolution in three hours ; or it will be evident, that half a revolution 
of the cam,fefe, maybe performed in any other time, according to the calculation of the 
gearing employed. The shaft may also be driven by hand, so as to give the required 
motion to the cam. Supposing, now, at the beginning of the operation, the cross head 
bearing the lever and roll, to be at the highest point upon the cam, fe fe, as its revolu- 
tion commences, the roll will revolve for a short time on the level surface of the cam, 
and will then be lowered until the cam, fe fe, has arrived at that point which governs the 
time that the roll remains at the lowest point, for the purpose of beating the rags into 
pulp, and as the cam,fefe, continues to revolve, and thus brings the opposite slope upon 
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tfie third portion of its working surface into action upon the cross h6ad, the roll wiH he 
raised, in order to clear the pnlp from knots and other imperfections, and thus complete 
the. operation of th6 engine. In order to raise the cross head and roll to the height 
from which it descended without loss of time, or to lift the cross-head entirely from off 
the cam when requisite ; a lever 2, or other suitable contrivance may he attached to the 
apparatus, also a shaft may he passed across the rag-engine, and both ends of the roll may 
be raised instead of one only, as above described. 

The patentee does not claim as his invention the lowering and raising the roll of the 
rag engine, nor the lowering of it by mechanism, as this was effected in Mr. Amos's 
patent of 1840; but he claims the above peculiar apparatus for this purpose. — Newton's 
Journal, xxiii. 254. C. S. 

VAFIIR—Gross produce of revenue from. In 1831, 723,248Z. ; 1836, 812,782/. ; 1837, 
655,943/.; 1840,626,663/. 

PAPER CLOTH. The preparation of this fabric is thus described in the speci- 
fication of Mr. Henr^ Chapman's patent of January, 1843. A suitable quantity of 
canvass, gauze, muslin, calico, linen, &c., is wound upon a roller, which is introduced 
between the third press felt of a Fourdrinier paper machine; and between the above 
roller and the endless felt a trough is introduced, containing a solution of gum, glue, 
&c., with a roller partially immersed in it. Pulp being now allowed to flow upon the 
endless wire wheel of the machine, paper is made in the ordinary way; and when the 
endless sheet of paper has been led through the machine, the end of the cloth is brought 
over the upper part of the roller in the trough, and moved onward in the direction the 
paper is proceeding. The motion of the cloth causes the roller to revolve, and the ad- 
hesive material carried upon its surface is imparted to the cloth, which is then laid upon 
the paper, as it passes over the roller immediately preceding the third or last press- 
roller. By passing between these rollers, the cloth and paper are firmly united, and 
being dried by the steam cylinders, form the compound fabric. If required, a paper 
surface may be applied to the other side of the cloth, by repeating the operation. If 
the cloth be dressed with strong starch, the bath of adhesive solution may be dispensed 
with. The following prescription is given for making that solution : — 

Dissolve in 15 parts of water, 4 of soda, and combine with this solution, by means 
of heat,~9 parts of yellow rosin; boil for an hour, adding a little linseed oil to prevent 
frothing, and add 1 part of glue to the mixture ; after which dilute the whole with one 
and a half times its weight of water, and strain through flannel. Thirty parts of this 
composition are to be mixed with one part of flour-paste, and six parts of paper-pulp, 
which mixture is to be used warm. 

PEARLS, ARTIFICIAL, and BEADS. The material out of which these arc 
formed are small glass tubes like those with which thermometers are made. The tubes 
for the bright red pearls consist of two layers of glass, a white opaque one internally, 
and a red one externally ; drawn from a ball of white enamel, coated in the Bohemian 
method with ruby-colored glass, either by dipping the white ball into a pot of red 
glass, and thus coating it, or by introducing the ball of the formfer into a cylinder of 
the latter glass, and then cementing them so soundly together as to prevent their 
separation in the subsequent pearl processes. These tubes are drawn in a gallery of 
the glasshouse to 100 paces in length, and cut into pieces about a foot long. These 
are afterward subdivided into cylindric portions of equal length and diameter, pre- 
paratory to giving them the spheroidal form. From 60 to 80 together are laid 
horizontally in a row upon a sharp edge, and then cut quickly and dexterously at once 
by drawing a knife over them. The broken fragments are separated from the regular 
pieces by a sieve. These cylinder portions are rounded into the pearl shape by softening 
them by a suitable heat, and stirring them all the time. To prevent them from sticking 
together, a mixture of gypsum and plumbago, or of ground clay and charcoal, is thrown 
in among them. 

Figs. 114, 115, represent a new apparatus for rounding the beads; fig, 114, is a 
front view of the whole; fig, 115, is a section through the middle of the former figure, 
in the course of its operation. The brick furnace, strengthened with iron bands, 2, 3, 
6, 7, 8, has in its interior (see fig, 115), a nearly ege-shaped space b, provided with 
the following openings : beneath is the fire-hearth, c, with a round mouth, and opposite 
are the smoke flue and chimney, d; in the slanting front of the furnace is a large open- 
ing, e, ^g. 114. Beneath are two smaller oblong rectangular orifices, r, g, which 
extend somewhat obliquely into the laboratory, b. h serves for introHucing the wood 
into the fireplace. All these four openings are, as shown in fig. 1 14, secured from 
injury by iron mouth-pieces. The wood is burned upon an iron or clay bottom piece, r. 
A semi-circular cover, n, closes during the operation the large opening, e, which at 
other times remains open. By means of a hook, m, and a chain, which rests upon a 
hollow arch, h, the cover, n, is connected with the front end of the long iron lev^er, r,b'. 
A prop supports at once the turning axis of this lever and the catch, b, c ; the weight. 
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Q. dnm the arm b down, and thereby holds up h; e therefore rwnwna open. By 
rods on the back wall t, t, the hook i, in which »' rests, proceeds from /. When a 




is raided r sinks. The catch, c 6, enters with its front tooth into a slanting notch npofi 
the upper edge of b, spontaneously by the action of the spring e ; whereby the open- 
ing E, is shut. The small door, n, rises again with the front arm of the leTcr 
by the operation of the weight Q of itself, as soon as the catch is released by pressure 
upon c. "^ 

The most important part of the whole apparatus is the drum, k, for the. reception 
and rounding of the bits of glass. It may be made of strong copper, or of hammered 

or cast iron, quite open above and 
pierced at the bottom with a square 
hole, into which the lower end of 
the long rod, t, is exactly fitted, and 
secured in its place by a screwed 
collector nut. The blunt point, x^ 
(fig. 114) rests during the work- 
ing in a conical iron step of th« 
laboratory, yig. 115. On the mouUi 
of the drum, k, a strong iron ring 
is fixed, having a bar across its di- 
ameter, with a square hole in its 
middle point, fitted and secured by 
a pin to the rod /, and turned by 
its rotation. The vessel k, and iti 
axle, t, are laid in a slanting direo- 
tion; the axle rests in the upper 
ring, z, at the lower end of th« 
rod. If of which the other end is 
hung to the hook, n, upon th« 
mantel beam, n. On the upper end 
of t, the handle, s, is fixed for turn- 
ing round continuously the vessel^ 
K, while the fire is burning in the 
furnace, the fuel being put not only 
in its bottom chamber, but also into 
the holes, f, o (ftg. 114). The 
fire-wood is ^ made very dry before 
being used, ^y piling it in logs \ 
tte iron bitiB, 9, 10, 11, under the mantelpieee, as shown iRfigs. 114, 115. 

14 
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After the operation is finished, and the ooTer, n, is remoTed, the dmm is emptied of 
its contents, as follows. Upon the axle, i, there is toward k a projection at ti. Along- 
side the furnace (fig. 1 14) there is a crane, m, that tarns upon the step a, «, on the 
ground. The upper pivot turns in a hole of the mantel>beam, n. Upon the perpen- 
dicular arm, w, of the crane there is a hook, y, and a ring, q^ in which the iron rod, p, 
is moveable in all directions. When the drum is to be removed from the furnace, the 
crane, with its arm, w, must be turned inward, the under hook of the rod, p, is to be 
hung in the projecting piece, «, and the rod, /, is lifted entirely out. After this, by 
means of the crane, the drum can be drawn with its rod, t, out of the furnace ; and 
through the mobility of the crane, and its parts, p, q, any desired position can be given 
to the drum. Fig. 114, shows how the workman can with his baud applied to s' de- 
press the axle, t, and thereby raise the drum, k, so high that it will empty itself into 
the pot, L, placed beneath. When led to itself, the drum on the contrary haogs nearly 
upright upon the crane by means of the rod, p, aud may therefore be easily filled 
again in this position. The manner of bringing it into the proper position in the 
furnace by means of the crane and the rod, I, is obvious from^lg. 115. 

The now well-rounded beads are separated from the pulverulent substance with 
which they were mixed, by careful agitation in sieves ; and they are polished finally 
and cleaned by agitation in canvass-bags. 

PENS, STEEL. When these have been punched out of the softened sheet of 
steel by the appropriate tool, fashioned into the desired form, and hardened by ignition 
in an oven, and sudden quenching with cold water, they are best tempered by being 
heated to the requisite spring elasticity in an oil bath. The heat of this bath is usually 
judged of by the appearance to the eye ; but this point should be correctly determined by 
a thermometer, according to the scale (see SUel in the Dictionary) ; and then the 
pens would acquire a definite degree of flexibility or stifiness, adapted to the wants and 
wishes of the consumers. They are at present tempered too often at random. 

PEPPER. The unripe grains or corns are known under the name of black 
pepper; the ripe ones, deprived of their epidermis, constitute white pepper. The 
latter are very generally bleached by steeping for a little while in a solution of chloride 
of lime, subsequent washing and drying ; a process which improves their aspect, but 
not their flavor. I was recently led to examine the nature of this substance some- 
what minutely, from being called professionally to investigate a sample of ground 
white pepper belonging to an eminent spice-house in the city of London, which pepper 
had been seized by the Excise on the charge of its being adulterated, or mixed with 
some foreign matter, contrary to law. I made a comparative analysis of that pepper 
and of genuine white pepper-corns, and found both to aflford like results : viz. in 100 
grains, a trace of volatile oil, in which the aroma chiefly resides ; about 8| grains of a 
pungent resin, containing a small fraction of a grain of piperine ; about 60 grains of 
starch, with a little gum, and nearly 30 grains of matter insoluble in hot and cold 
water, which may be reckoned lignine. The two chemists in the service of the Excise 
made oath before the court of judicature, that the said pepper contained a notable 
proportion of sago, even to the amount of fully 10 per cent. ; grounding their judgment 
upon the appearance of certain rounded particles in the pepper, and of the deep blue 
color which these assumed when moistened with iodine water. No allegation could 
be more frivolous. Bruised corns of genuine white pepper certainly acquire as deep a 
tint with iodine as any species of starch whatever. But the characters of sago, 
optical and chemical, are so peculiar, as to render the above surmise no less prepos- 
terous, than the prosecution of respectable merchants, for such a cause, was unjustifiable. 
A particle of sago appears in the microscope, by reflected light, to be a spherule of 
' SBOW, studded round with brilliants ; whereas the rounded particles of the seized pepper 
seem to be amorphous bits of gray clay. Had the pepper been adulterated with such 
a quantity of sago, or anything else, as was alleged, it could not have afforded me, 
hy digestion in alcohol, as much of the spicy essence as the bruised genuine pepper- 
corns did. 

Moreover, sago, steeped for a short time in cold water, swells and softens into a 
pnlpy consistence, whereas the particles of the seized pepper, rounded by attrition in 
the mill, retain, in like circumstances, their hardness and dimensions. Sago, being 
pearled by heating and stirring the fine starch of the sago palm in a damp state, upon 
iron or other plates, acquires its peculiar somewhat loose aggregation and brilliant 
surface ; while, in pepper, the starchy constituent is compactly condensed, and bound 
up with its ligneous matter. 

The Excise laws are sufliciently odious and oppressive in themselves without being 
aggravated by the servile sophistry of pseudo-science. 

Four pounds of black pepper yield only about one ounce of piperine, or one 
636th part. It is an insipid crystalline substance, insoluble in water, but very soluble 
in boiling aleohol, and is extracted at first along with the resin, which may be sepam- 
led from it afterward, by potash. 
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PERFUMERY, INDIAN. The natiyes place on the gronnd a layer of the scented 
flowers, about 4 inches thick and 2 feet square ; cover them with a layer 2 inches thick 
of Tel or Sesamum seed wetted; then lay on another 4-inch bed of lowers, and cover 
this pile with a sheet, which is pressed down by weights round the edges. After re- 
maining in this state for 18 hours, the flowers are removed and replaced by a similar 
fresh layer, and treated as before ; a process which is repeated a third time, if a very 
rich perfumed oil be required. The sesamum-seeds thus imbued with the essential oil 
of the plant, whether jasmine, Bela, or Chumbul, are placed in their swollen state in a 
mill, and subjected to strong pressure, whereby they give out their bland oil strongly 
impregnated with the aroma of the particular flower employed. The oil is kept in pre« 
pared skins called dubbers, and is largely used by the Indian women. The attar of 
roses is obtained by distillation at a colder period of the year. 

PHOTOGRAPHY is the art of making pictorial impressions of objects by the action 
of light upon paper, &c., prepared with certain substances, and exposed to the sun or 
in the focus of a camera obscura to the image of the object to be represented ; which 
impressions are then fixed by other chemical re-agents. Photographic paper may be 
made by dipping Whatman's glazed post paper into brine containing 90 grains of com- 
mon salt dissolved in an ounce of water, wiping it with a towel, brushing over one side 
of it with a broad camel-hair brush, a solution of nitrate of silver, containing 50 grains 
to the ounce of distilled water, and drying it in the dark. The paper may be rendered 
more sensitive by repeating the above operation ; drying it between each step. It 
afibrds perfect images of leaves and petals laid upon it, and exposed simply to the sun- 
beams. A solution of 100 grains of bromide of potassium in an ounce of distilled 
iwater answers still better than brine. The paper, when dry, is to be brushed over on 
one side with a solution cootaining 100 grains of nitrate of silver to an ounce of 
-water; the paper being brushed, and dried in the dark. If the application of the ni- 
trate of silver be repeated, it will render the paper more sensitive. The silvered side 
should be marked. This paper laid flat under painted glass, lace, leaves, feathers, 
ferns, &c., and exposed to the light of day, takes the impression of the objects. It is 
to be then washed with lukewarm water, and finally dipped in a solution containing one 
ounce of hyposulphite of soda, in about a pint of distilled water. The design of the 
object is necessarily reversed : the light parts forming the dark shades of the photogenic 
impression, and the dark parts the lighter ones. But a direct picture may be obtained 
by applying that paper, rendered transparent with white wax (see Caj.otype), upon 
a sheet of white photogenic paper, and exposing it to the sunbeams, or bright day- 
light. 

A modification of Photography, called Chrysotype by its inventor. Sir John Herschel, 
consists in washing the paper ^n a solution of ammonia-citrate of iron, drying it, and 
brushing it over with a solution of ferro^eaquicyapure of potassium. This paper, when 
dried in a perfectly dark room, is ready for use, the image being finally brought out by 
a neutral solution of silver. 

Another modification by Sir John, called Cyanotype, is as follows : Brush the paper 
with the solution of the ammonia-citrate of iron, so strong as to resemble "Cherry-wine 
in color ; expose the paper in the usual way, and pass over it very sparingly and evenly 
a wash made by dissolving common ferro-cyanide of potassium. As sooifas this liquid 
is applied, the negative picture vanishes, and is replaced by the positive one, of a violet 
blue color, on a greenish yellow ground, which at a certain time possesses a high de- 
gree of sharpness, and singular beauty of tint. 

The improved process of photography recently contrived by Mr. Robert Hunt is per- 
formed by washing over good letter-paper with the following liquid : — 

A saturated solution of succinic acid - - - 2 drams. 

Mucilage of gum arable - - - - - i^ do. 

Water l| do. 

When the paper is dry, it is washed over once with a solution containing 1 dram of 
nitrate of silver in 1 ounce of distilled water. The paper is allowed to dry in the 
dark, and it is fit for use. It can be preserved in a portfolio, and employed at any 
time in the camera obscura, exposing it to the light from 2 to 8 minutes^ according 
to its vivacity. When the paper is taken out of the camera, no trace of a picture can 
be seen. To produce this effect, mix 1 dram of a saturated solution of sulphate of 
iron, with 2 or 3 drams of mucilage of gum arabic, and brush over the paper evenly 
with this mixture. In a few seconds the latent images are seen to develop themselves, 
producing a negative photographic picture. The excess of the iron solution is to be 
washed off with a sponge whenever the best efifect appears. The drawing is then to be 
soaked a short time in water, and is fixed by washing over with ammonia, or preferably 
with hyposulphite of soda ; taking care to wash out the excess of salt. Prom the 
pictures thu«i produced, any number of others, corrected in light and shadow, may be 
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produced by using like saccinated papers, in the common way of transfer in sunshine. — 
jitheruBum. 

PICKLES are various kinds of vegetables and fruits preserved in vinegar. The 
substances are first well cleaned with water, then steeped for some time in brine, and 
afterward transferred to bottles, which are filled up with good vinegar. Certain fruits, 
like walnuts, require to be pickled with scalding-hot vinegar ; others, as red cabbage, 
with cold vinegar ; but onions, to preserve their whiteness, with distilled vinegar. Wood 
vinegar is never used by the principal pickle-manufacturers, but the best malt or white- 
wine vinegar, No. 22 or 24. Kitchener says, that by parboiling the pickles in brine, 
they will be ready in half the time of what they require when done cold. Cabbage, 
however, cauliflowers, and such articles, would thereby become flabby, and lose that 
crispness which many people relish. When removed from the brine, they should be 
eooled, drained, and even dried, before being put into the vinegar. To assist the pres- 
ervation of pickles, a portion of salt is oilen added, and likewise, to give flavor, various 
spices, such as long pepper, black pepper, white pepper, allspice, ginger, cloves, mace, 
garlic, mustard, horseradish, shallots, capsicum. When the spices are bruised, they 
are most efficacious, but they are apt to render the pickle turbid and discolored. The 
flavoring ingredients of Indian pickle are Curry powder mixed with a large proportion 
of mustard and garlic. Greeik peaches are said to make the best imitation of the Indian 
mango. 

I have examined the apparatus in the great fish-sauce, pickle, and preserved-fruit 
establishment of Messrs. Crosse and Blackwell, Soho square, and found it arranged on 
the principles most conducive to economy, cleanliness, and salubrity ; no material em- 
ployed there is ever allowed to come into contact with copper. A powerful steam-boiler 
is placed in one corner of the ground floor of the factory, from which a steam-pipe is- 
sues, and is laid horizontally along the wall about 4 feet above the floor. Under this 
pipe a range of casks is placed, into the side of each of which a branch steam-pipe, fur- 
nished with a stop-cock, is inserted, while the mouth of the cask is exactly closed with 
a pan of salt-glazed earthenware, capable of resisting the action of every acid, and 
incapable of communicating any taint to its contents. These casks form, by their non- 
conducting quality as to heat, the best kind of steam-jackets. In these pans the vine- 
gars with their compounds are heated, and the fish and other sauces are prepared. 
The waste steam at the farthest extremity of the pipe is conducted into a reservoir of 
clean water, so as to furnish a constant supply of hot water for washing bottles and 
utensils. 

The confectionary and ham-smoking compartments are placed in a separate fireproof 
ehamber on the same floor. 

The floor above is occupied along the sides with a range of large rectangular cast 
iron cisterns, furnished with a series, of steamrpipes, laid gridironwise along their bot 
toms, which pipes are covered with a perforated wooden shelf. These cisterns being 
filled up to a certain height above the shelf with water, the bottles full of green goose- 
berries, apricots, cherries, &c., to be preserved, are set upon the shelf, and the steam 
being then admitted into the gridiron pipes, the superjacent water gets gradually heated 
to the boiling point ; the air in the bottles round the fruit is thus partly expelled by 
expansion, and partly disoxygenated by absorption of the green vegetable matter. In 
this state the bottles are tightly corked, and being subsequently sealed, preserve the 
fiuit fresh for a very long period. 

The sauces, pastes, and potted meats, prepared in the above-described apparatus, can 
seldom be rivalled and probably not surpassed in the kitchens of the most fastidious 
gastroTiomes. 

PITCOAL, ANALYSIS OF. The greater part of the analyses of coals hitherto . 
published have been confined to the proportions of carbon, hydrogen, and oxygen, to the 
neglect of the sulphur, which exists in many coals to a degree unwholesome for their 
domestic use, pernicious for the smelling of iron, and detrimental to the production of 
gas ; since the sulphuretted hydrogen produced requires so much washing and purifi- 
cation as at the same time to impoverish the light, by condensing much of the olefiant 
gas, its most luminiferons constituent. In the numerous reports upon the composition 
of coals which I have been professionally called upon to make, I have always sought 
to determine the proportion of sulphur, which may be done readily to one part in 
a thousand ; as also that of combustible gaseous matter, of coke, and of incombustible 
ashes. 

The following coals have been found to be of excellent quality, as containing very 
little sulphur, seldom much above 1 per cent., and little incombustible matter — hence 
well adapted as fuel, whether for steam-navigation, for iron-smelting, for household 
consumption, or for gas, according to their relative proportions of carbon and hy« 
drogen-; a relative excess of carbon constituting a coal best adapted for furnaces of 
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Various kinds, whfle a relative excess of hydrogen forms the best coal for tne common 
grates and gas-works. 

1. Mr, PoweWs Duff ry, or Steam Coal. — Specific gravity, 1*32; ashes, per cent., 2*6 ; 
gaseous products in a luted crucible, 14 ; brilliant coke, 86 ; not more than 1 per cent, 
of sulphur ; while many of the Newcastle coals contain from 4 to 6, and others which I 
have examined from 8 to 10 of the same noxious constituent ; and which is a less pow- 
erful calorific constituent than hydrogen and carbon. 

2. The Blackley Hurst Coal of Lancashire, — Specific gravity, 1*26; ashes, per cent., 
1'2 ; combustible gases, 41*5 ; coke, 58*5 ; sulphur, 1. Another specimen had a specific 
gravity of 1*244; 2 per cent, of ashes ; 38*5 of combustible gases ; 1 of sulphur. This 
is a very good coal for gas and for domestic use. 

3. The Varley Rock Vein Coal, near Pontypool; shipped by Mr. John Vipond. — Spe- 
cific gravity, 1*296 ; ashes (whitish) 5 per cent. ; 32 of combustible gases j 68 of coke. 
Sulphur, from 2 to 3 per cent. A good household coal. 

4. The Llangennech Coal has a well-established reputation for the production of 
steam, and is much employed by the British government for steam navigation, as well 
as at Meux's, and others of the great breweries in London. It afifords a very intense 
heat, with little or no smoke ; and sufficiently dififusive for extending along the flues 'of 
the boilers ; whereas the anthracite coal, containing very little hydrogen, yields, in com- 
mon circumstances, a heat too much concentrated under the bottom of the boilers, and 
acting too little upon their sides. Specific gravity, 1*337 ; intermediate between that 
of the Newcastle and the anthracite. Ashes per cent., from 3 to 3*5 ; combustible gases, 
17 ; coke, 83 ; sulphur, only one AoZ/'per cent. It is therefore a pure and very power- 
ful fuel. 

I have examined many coals with my calorimeter ; of which some account is given 
under Fuel. 

PLATING. See Electkotype. 

PLATINUM MOHR. This interesting preparation, which so rapidly oxidizes alco- 
hol into acetic acid, &c., by what has been called in chemistry the catalytit or contact 
action, is most easily prepared by the following process of M. Boettger s The insoluble 
powder of potash-chlorure or ammonia-chlorure of platinum, is to be moistened with 
sulphuric acid (oil of vitriol), and a bit of zinc is to be laid in the mixture. The pla- 
tinum becomes reduced into a black powder, which is to be washed first with muriatic 
acid, and then with water. The fineness of this powder depends upon that of the 
saline powders employed to make it ; so that if these be previously finely ground, 
the platinum-mohr will be also very fine, and proportionally powerful as a chemical 
agent. 

POTTER'S OVEN. A patent was obtained in August, 1842, by Mr. W. Ridgway, 
for the following construction of oven, in which the flames from the fireplaces are 
conveyed by parallel flues, both horizontal and vertical, so as to reverberate the whole 
of the flame and heat upon the goods after its ascension from the flues. His oven is 
built square instead of round, a fire-proof partition wall being built across the middle 
of it, dividing it into two chambers, which are covered in by two parallel arches. The 
fireplaces are built in the two sides of the oven opposite to the partition wall ; from 
which fireplaces narrow flues rise in the inner face of the wall, and distribute the 
flame in a sheet equally over the whole of its surface. The other portion of the heat 
is conveyed by many parallel or diverging horizontal flues, under and across the floor 
or hearth of the oven, to the middle or partition wall ; over the surface of which the 
flame which ascends from the numerous flues in immediate contact with the wall is 
equally distributed. This sheet of ascending flame strikes the shoulder of the arch, 
and is reverberated from the seggars beneath, till it meets the flame reverberated from 
the opposite side of the arch, and both escape at the top of the oven. The same con- 
struction is also applied to the opposite chamber. In figs, 116, 117, a, represents the 
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square walls or body of the oven ; 6, the partition wall ; c, the fireplaces or fnmsces 
with their iron boilers ; d, the mouths of the furnaces for introdnciDg the fuel ; /, the 
ash-pits ; g, the horizontal flues under the hearth of the oven ; A, tibe vertical flues ; 
t, the vents in the top of the arches ; and k, the entrances to the chambers of the 
ovens. 

PRUSSIAN BLUE. The following process deserves peculiar notice, as the first 
in which this interesting compound has been made to any extent, independently of 
animal matter. Mr. Lewis Thompson, of the Old Barge House, Lambeth, received a 
well-merited medal from the Society of Arts for this invention. He justly observes, 
that in the common way of manufacturing prussiate of potash, the quantity of nitrogen 
furnished by a given weight of animal matter is not large, and seldom exceeds 8 per 
cent. ; and of this small quantity, at least one half appears to be dissipated during the 
ignition. It occurred to him that the atmosphere might be economically made to sup- 
ply the requisite nitrogen, if caused to act in favorable circumstances upon a mixture 
of carbon and potash. He has found the following prescription to answer : Take of 
pearlash and coke, each 2 parts ; iron turnings, 1 part ; grind them together into a coarse 
powder ; place this in an open crucible, and expose the whole for half an hour to a full 
red heat in an open fire, with occasional stirring of the mixture. During this pro- 
cess, little jets of purple flame will be observed to rise from the surface of the materials. 
When these cease, the crucible must be removed and allowed to cool. The mass is to 
be lixiviated ; th/e lixivium, which is a solution of ferrocyanide of potassium, with ex- 
cess of potash, is to be treated in the usual way, and the black matter set aside for a 
fresh operation with a fresh dose of pearlash. Mr. Thompson states that 1 pound of 
pearlash, containing 45 per cent, of alkali, yielded 1,355 grains of pure Prussian blue, 
or ferrocyanide of iron ; or about 3 ounces avoird. 

PRUSSIATE OF POTASH. Leuch's Polytechnic Zeitung, June, 1837. Manufac- 
ture of Kalium Eisen Cyanure, by Hofflmayr and Priikner. — The potash must be free 
from sulphate, for each atom of sulphur destroys an atom of the Eisencyankalium. A 
very strong heat is advantageous. The addition of from 1 to 3 o of saltpetre is useful, 
when the mass is too long of fusing. A reverberatory furnace (flammofen) is recom- 
mended ; but the flame must not beat too much upon the materials, for fear of oxy- 
genating them. When the smoky red flame ceases, it is useful to throw in from time 
to time small portions of uncarbonized animal matter, particularly where the flame first 
beats upon the mass, whereby the resulting gases prevent oxidation by the air. The 
animal matters should not be too much carbonized, but left somewhat brown-colored, 
provided they be readily pulverized. Of uncarbonized animal matters, the proportions 
may be 100 parts dried blood, to from 28 to 30 of potash (carbonate), and from 2 to 4 of 
hammerschlag (smithy scales), or iron filings ; 2, 100 parts of horns or hoofs ; from 3^ 
to 35 potash ; 2 to 4 iron ; 3, 100 leather ; 45 to 48 potash ; and 2 to 4 iron. From 
blood, 8 to 9 per cent, of the prussiate are obtained ; from horns, 9 to 10 ; and from 
leather, 5 to 6. The potash should be mixed in coarse particles, like peas, with the 
carbonized animal matter, which may be best done in a revolving pot, containing can- 
non-balls. Of the animal coal and potash, equal parts may be taken, except with that 
from leather, which requires a few parts more potash per cent. On the average, blood 
and horn coal should afibrd, never less than 20 per cent, of prussiate, nor the leather than 
8 ; but by good treatment, they may be made to yield, the first 25, and the last from 10 
toll. 

A patent for a singular process and apparatus, for making this compound, was ob- 
tained by a foreigner not named, by Mr. Berry, patent agent, in January, 1840. The 
prescription is as follows : — 

Reduce charcoal into bits of the size of a walnut, soak them with a solution of car- 
bonate of potash in urine ; and then pour over them a solution of nitrate or acetate of 
iron; dry the whole by a moderate heat, and introduce them into the cast-iron tubes, 
presently to be described. The following proportions of constituents have been found 
to answer : Ordinary potash, 30 parts ; nitre, 10 ; acetate of iron, 15 ; charcoal or coke, 
45 to 55 ; dried blood, 50. The materials, mixed and dried, are put into retorts simi- 
lar to those for coal gas. The animal matter, however (the bloodH is placed in sepa- 
rate compartments of pipes connected with the above retorts. The pipes containing the 
animal matter should be brought to a red heat before any fire is placed under the 
retorts. 

In fig. 118, A, B, c, D, is a horizontal section of a furnace constructed to receive four 
elliptical iron pipes. The furnace is arched in the part a, c, b, in order to reverberate 
the heat, and drive it ba'ck on the pipes w, V, w", w"'. These pipes, are placed on the 
plane e, r, of the ellipsoid ; a a, represents the grating or bars of the furnace to be 
heated with coal or coke ; i, i, is the pot or retort shown in^g«. 119, 120, 121. 

This pot or retort is placed in a separate compartment, as seen in^g. 119, which is a 
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▼ejstical section taken through fig, 121, at the line 6, h. k, is a connecting tube IVom 
the retort and the elliptical pipes w. 




120 





In the section, yig. 119, the shape of the tube k, will be better seen ; also its cocks •, 
and likewise its connexion with the pipes w. 2, is a safety valve ; «, the cover (Mf 
the pot or retort ; l, is the ash-pit ; and 6, the door of the furnace ; x, is an open 
space, roofed over, or a kind of shed,, close to the furnace, and under it the pipes are 
emptied. 

The arrows indicate the direction of the current of heat. This current traverses 
the intervals left between the pipes, and ascends behind them, passing through the 
aperture j, in the brickwork, which is provided with a valve or damper, for closing it, 
as required. The heat passes through this aperture, and strikes against the sides of 
the pot when the valve is open. Another valve /, g, must also be open to expose the 
pot or retort to the direct action of the fire. The smoke escapes by a lateral passage 
into a chimney n. 

It must be remarked, that there is a direct communication between the chimney and 
that compartment of the furnace which contains the pipes, so that the heat, reflected 
from the part v, strikes on the pot or retort only when the pipes w, w', w", w"', are 
sufficiently heated. 

In^g. 120 is shown an inclined plane m (also represented in figy 119) and the junc^ 
tion-tubes which connect the four pipes with their gas-burners z, z, and the cocks wi, m'. 
r, r, are covers, closing the pipes, and having holes formed in them ; these holes are 
shut by the stoppers c. 

Whether the pipes are placed in the vertical or horizontal position, it is alwayi 
proper to be able to change the direction of the current of gas ; this is easily done bf 
closing, during one hour (if the operation is to last two hours) the cocks «, m\ and 
oi>ening those u' m ; then the gas passes through u', into the branch k, and entering 
w^'^ passes through q, into w*', through p, into w", and through o, and w^ and finally 
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■jCtpcg by the burner z. During the following or other hour, the cocks •' «% i 
be d>8ed ; the cocks ti, m' being opened, the current then goes from «, into x, w, ir', 
•w", w"', and escapes by the burner z', where it may be ignited. 

The dianging of the direction of the current dispenses, to a certain degree, with the 
labor required for stirring, with a spatula, the matters contained io ihe pipes ; never- 
theless, it is necessary, from time to time, to pass an iron rod or poker among the 
sabstances contained in the pipes. It is for this purpose that apertures are formed, so 
■s to be easily opened and closed. 

The patentee remarks, that although this operation is only described with reference 
to potash, for obtaining prussiate of potash, it is evident, that the same process is 
applicable to soda; and when the above mentioned ingredients are employed, soda 
being substituted for potash, the result will be pinissiate of soda. — Newiott's Journal, C. 
8. XXI. 96. 

PUDDLING OF IRON. This is the usual process employed in Great Britain 
for converting cast iron into bar or malleable iron — a crude into a more or less pure 
metal. The following plan of a puddling furnace has been deemed economical, espe- 
cially with respect to fuel, as two furnaces are joined side by side together, and the 
workmen operate at doors on the opposite sides. Fig, 122 represents this twin l\imace 




in a side elevation ; fig, 123 in section, according to the line £ F, in fig, 124, which 
exhibits a plan of the furnace. The various parts are so clearly shown in form and 
construction as to require no explanation. The total length outside is 14| feet ; width, 
32} feet : from which the dimensions of the other parts may be measured. 

Iron is puddled either from cast pigs, or from the plates of the refinery (finery) fur- 
>nace. In several iron-works a mixture of these two crude metals is employed. In the 
'refining process, the waste at the excellent establishment of Mr. Jessop, at Codner Park, 
if from 2i to 2f cwt. per ton ; on which process the wages are !«. per ton ; and the 
«eoke \ ton, worth 6j. ; so that the total cost oi refining per ton is 15«., when pig-iron 
is worth 3/. 10«. 

The puddling is accompanied with a loss of weight of 1| cwt. per ton; it costs in 
wages, for puddling refinery plates, 6«. 6c{., and for pigs, %s, ; in which 18 cwt. of coal 
mre consumed ; value, 5«. per ton. 

Shingling (condensins; the bloom by the heavy hammer) costs, in wages, U. 9d, 
{ler ton ; and rough-rolling. Is, 2d, Cutting and weighing these bars cost 9d, for 
vagjes, including their delivery to the mill furnace, where they are reheated and welded 
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together. The mill faniace heating costs U. 6d. in wages, and eonsnmes in fuel 12 cwt* 
of ooals, at 5s, per ton. The rolling and straightening cost 5s. 6d, ; cropping the ends, 
weighing, and stocking in the warehouse, Is. for wages. Wear and tear of power, &•• 
LalK»rers for clearing out the ashes, &c., 1«. 6d. per ton. 




In Wales 4 tons of pig-iron afford upon an average only 3 tons of bars. From the 
above data a calculation may easily be made of the total expense of converting crude 
into cast iron at the respective iron works. 




A great economy in the conversion of the cast into wrought metal seems about to be 
effected in our iron works, by the application of a current of voltaic electricity to the 
crude iron in a state of fusion, whether on the hearth of the blast furnace, on the fused 
pigs in the sand, or on the metal immediately on its being run from the finery fur- 
nace ; the voltaic force of from 50 to 100 pairs of a powerful Smee's battery being 
previously arranged to act upon the whole train of the metal. This process^ for which 
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Mr. Arthur Wall has recently obtained a patent^ is founded upon the well-established 
fact, that when a compound is subjected to an electrical current, its negative and posi- 
tive elements are detached from one another. Grade iron contains more or less carbon, 
sulphur, phosphorus, arsenic, oxygen, and silicon — bodies all electro-negative in rela- 
tion to iron, which is electro-positive. When the impure iron, as it flows from the 
blast furnaces, is subjected during its cooling and consolidation to a powerful stream of 
voltaic electricity, the chemical affinities by which its various heterogeneous components 
are firmly associated, are immediately subverted, whereby, in the case of crude iron, the 
sulphur, phosphorus, &c., which destroy or impair its tenacity and malleability, become 
readily separable in the act of puddling. On this principle, I would explain the extra- 
ordinary effect of Mr. Wall's patent electric process, as peiformed in my presence in 
the excellent iron-works of Mr. Jessop, at Codner Park, Derbyshire, where the elec- 
trised forge pigs discharged those noxious elements so copiously in the puddling fur- 
nace, as to become after a single reheating, without piling or fagoting, brilliant bars 
of the finest fibrous metal. The bars so made have been subjected, under my inspec- 
tion, to the severest proofs by skilful London blacksmiths, and they have been found to 
bear piercing, hammering, bending, and twisting, as well as the best iron in the market. 
I have also analyzed the said iron with the utmost minuteness of chemical research, 
and have ascertained it to be nearly pure metal, containing neither sulphur nor phos 
phorus, and merely an inappreciable trace of arsenic. I can therefore conscientiously 
recommend Mr. Wall's patent process to iron-masters as one of the greatest, easiest, and 
most economical improvements, which that important art has ever received. 

The pecuniary advantage of this process, in respect of saving of labor and waste of 
material, has been estimated by competent judges at from one pound to two pounds 
sterling per ton. 

The effect of electrising iron is displayed in a singular manner by the conversion into 
steel of a sofY rod, exposed in contact with coke, for a few hours, to a moderate red 
heat ; a result which I have witnessed and can fully attest. 

PURPLE OF CASSIUS is best made according to the French Pharmacopoeia, 
by dissolving 10 parts of acid chloride of gold in 2,000 parts of distilled water; prepar- 
ing in another vessel a solution of 10 parts of pure tin in 20 of muriatic acid, which is 
diluted with 1,000 of water, and adding this by degrees to the gold solution as long as 
a precipitate is formed. The precipitate is allowed to subside, and is to be washed by 
means of decantation : it is then filtered and dried at a very gentle heat. 

R. 

REFINING OF SILVER. In this process, as effected by sulphuric acid, the 
arrangements are so complete, that a two thousandth part, or even less, of gold is ex- 
tracted free of charge to the bullion merchant, and the whole silver returned or accounted 
for. By mistake a one thousandth was stated in the article Refining of Silver in the 
Dictionary. 

RESINS. An ingenious memoir upon the resins of dammar, copal, and anim6, has 
lately been published by M. Guibourt, an eminent French pharmacien, from which the 
following extracts may be found interesting. 

The hard copal of India and Africa, especially Madagascar, is the product of the 
HymejuBa verrucosa ; it is transparent and vitreous within, whatever may be its appear- 
ance outside ; nearly colorless, or of a tawny yellow ; without taste or smell in the 
cold, and almost as hard as amber, which it much resembles, but from which it may be 
distinguished, 1st, by its smelting and kindling at a candle-Aame, and running down in 
drops, while amber bums and swells up without flowing ; 2dly, this hard copal or anim6, 
when blown out and still hot, exhales a smell like balsam copaiva or capivi; while 
amber exhales an unpleasant bituminous odor ; 3dly, when moistened by alcohol of 85 
per cent., copal becomes sticky, and shows after drying a glazed opaque surface, while 
amber is not affected by alcohol ; 4thly, the copal affords no succenic acid, as amber 
does, on distillation. 

When the pulverized copal is digested in cold alcohol of 0*830, it leaves a consider- 
able residuum, at first pulverulent, but which swells afterward, and forms a slightly 
coherent mass. When this powder is treated with boiling alcohol, it assumes the con- 
sistence of a thick gluten, like crumbs of bread, but which does not stick to the fingers. 
Thus treated, it affords. 

Resin soluble in cold alcohol ------ 3 1*42 

Resin dissolved in boiling alcohol 4*00 

Resin insoluble in both ---.--- 65*71 



100*83 
The small excess is dae to the adhesion of some of the menstruum to the resins. 
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Ether, boiling hot, dissolves 39*17 per cent, of copal. 

Essence (spirits) of turpentine does not dissolve any of the copal, but it penetrates 
and combines with it at a heat of 212^ Fahr. 

The property of swelling, becoming viscid and elastic, which Berzelins assigns to 
copal, belongs not to it, but to the American resin of conrbaril, or the occidental 
anime ; and the property of dissolving entirely in ether belongs to the aromatic dam^ 
mar, a friable and tender resin. 

2. Resin of courbaril of Rio Janeiro, the English gum-anim^, and the semi-hard 
copal of the French. It is characterized by forming, in alcohol, a bulky, tenacious, 
elastic mass. It occurs in rounded tears, has a very pale, glassy aspect, transparent 
within, covered with a thin white powder, which becomes glutinous with alcohoL 
Another variety is sod, and dissolves, for the most part, in alcohol ; and a third re- 
sembles the oriental copal so much as to indicate that they may both be produced from 
the same tree. 100 parts of the oriental and the occidental anime yield respectively 
the following residua : — 

With alcohol. With ether. With essence. 

Oriental - - - 65-71 60-83 111 

Occidental - - - 43-53 27-60 75-76 

The hard and soft copals possess the remarkable property in common of becoming 
soluble in alcohol, afler being oxygenated in the air. 

3. Dammar puHy or dammar batu. — This resin, sod at first, becomes eventually 
like amber, and as hard. It is little soluble in alcohol and ether, but more so in 
essence of turpentine. 

4. jlromatic dammar, — ^This resin occurs in large orbicular masses. It is pretty 
soluble in alcohol. Only small samples have hitherto been obtained. Of 100 parts, 3 
are insoluble in alcohol, none in ether, and 93 in essence of turpentine. M. Guibourt 
thinks that this resin comes from the Molucca islands. Its ready solubility in alcohol, 
and great hardness, render it valuable for varnish-making. 

5. Jiustral dammar, — This resin is the product of the Dammara australis, one of the 
highest trees in New Zealand, where it is called Kauri or Kouri, It resembles elemi 
in some measure. It flows from the trunk and branches in the form of a resinous 
juice called tare, and gum-cawdee by the English settlers. The natives chew it con- 
tinually, and with the soot obtained from its combustion they make the indelible black 
tatoo figures upon their faces. It comes home in lumps of considerable size. It pos- 
sesses a certain toughness, which makes it difiicult to break or to pulverize. It takes 
fire at a candle-flame, and continues to bum by itself. It melts in water, heated 
below the boiling point. Alcohol boiled with it, leaves 43-3 per cent, of insoluble 
matter; ether leaves 36*66; and essence of turpentine 80 percent. This resin, in 
fact, resembles very closely the resin of courbaril. 

6. Slightly aromatic dammar leaves, after alcohol, 37 per cent. ; after ether, 17 per 
eent. ; and after essence, 87 per cent. 

7. Tender andfriabh dammar selan, — ^This resin occurs in considerable quantity in 
eonmierce (at Paris). It is in round or oblbng tears, vitreous, nearly colorless and 
transparent within, dull whitish on ' the surface. It exhales an agreeable odor of 
olibanum, or mastic, when it is heated. It crackles with the heat of the hand like 
roll-sulphur. It becomes fluid in boiling water, but brittle when cooled again. It 
sparkles and burns at the flame of a candle ; but this being the effect of a volatile oil, 
the combustion soon ceases. 

Resin soluble in cold alcohol - - - - 76-28 

Resin insoluble in boiling alcohol - - - - 20-86 

It dissolves readily and completely in cold essence of turpentine, and forms a good 
varnish. M. Guibourt refers the origin of this resin to the Dammara itlanica of 
Rumphius. Of the preceding resins, 100 parts have left respectively. 
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RETORTS OF CLAY are now extensively used in gas-making, and they are well 
manufactured at Newcastle. See the article Gas. 
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SACCHAROMETER is the name of a hydrometer, adapted by its scale to point 
oat the proportion of sugar, or the saccharine matter of malt, contained in a solution of 
any specific gravity. Brewers, distillers, and the Excise, sometimes denote by the term 
gravity, the excess of weight of 1,000 parts of a liquid by volume above the weight of a 
like volume of distilled water; so that if the specific gravity be 1,045, 1,070, 1,090, &,c., 
the gravity is said to be 45, 70, or 90 ; at others, they thereby denote the weight of 
saccharine matter in a barrel (36 gallons) of worts ; and again, they denote the excess 
in weight of a barrel of worts over a barrel of water, equal to 36 gallons, or 360 pounds. 
This and the first statement are identical, only 1,000 is the standard in the first case, 
and 360 in the second. 

The saccharometer now used by the Excise, and by the trade, is that constructed by 
Mr. R. B. Bate, well known for the accuracy of his philosophical and mathematical 
instruments. The tables published by him for ascertaining the values of wort or wash, 
and low wines, are preceded by explicit directions for their use. " The instrument is 
composed of brass ; the ball or float being a circular spindle, in the opposite ends pf 
which are fixed a stem and a loop. The stem bears a scale of divisions numbered 
downward from the first to 30 ; these divisions, which are laid down in an original 
manner, observe a diminishing progression according to true principles ; therefore each 
division correctly indicates the one thousandth part of the specific gravity of water ; 
and further, by the alteration made in the bulk of the saccharometer at every change 
of poise, each of the same divisions continues to indicate correctly the said one thou- 
sandth part throughout." 

In my own practice, I prefer to take specific gravities of all liquids whatever with a 
glass globe containing 500 or 1,000 grains of distilled water at 60^ Fahr., when it is 
dosed with a capillary-bored glass stopper ; and with the gravity so taken, I look into 
a table constructed to show the quantity per cent, of sugar, malt, extract, or of any 
other solid, proportional to the density of the solution. By bringing the liquid in the 
gravity-bottle to the standard temperature, no correction on this account is needed. 
Mr. Bate's elaborate table contains all these equations correctly for solutions of sugar 
of evei;y successive specific gravity. When employed in such researches by the Mo- 
lasses Committee of the House of Commons in the year 1830, 1 found that the specific 
gravities of solutions of the concrete extract of malt diifered somewhat from those of 
solutions of sugar, as given by Mr. Bate. {See page 100 of Dictionary.) 

The following table shows the quantities of sugar contained in syrups of the annexed 
specific gravities. It was the result of experiments carefully made : — 



Experimental spec, gravity. 


Sugar in 100- bf 


Experimental spec, gravity. 


Sugar in 100- by 


of solution at tfO^ F. 


weight. 


of solution, at 60'» F. 


weight. 


1-3260 


66-666 


1-1046 


25-000 


1-2310 


50-000 


1-0905 


21-740 


1-1777 


40-000 


1-0820 


20-000 


1-4400 


33-333 


1-0635 


16-666 


1-1340 


31-260 


1-0500 


12-500 


1-1250 


29-412 


1-0396 


10000 


MHO 


26-316 







N. B. The column in the opposite table, marked Solid extract by weight, is Mr. 
Bate's ; it may be compared with this short table, and also with the table of malt in- 
fusions in page 100 of the Dictionary. 

If the decimal part of the number denoting the specific gravity of syrup be multiplied 
by 26, the product will denote very nearly tl>e quantity of sugar per gallon in pounds 
weight, at the given specific gravity.* 



* This rule was annexed to an extensive table, representing the quantities of sugar per gallon cor- 
respendinir to the specific gravities of the syrups coDstructed by the author, for the Excise, in subser* 
viency to the Beet-root bill. 
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T«Ue exhibiting the Quantity of Sngar, in Pounds Avoirdnpois, which Is contained in 
One Gallon of Syrup, at successive Degrees of Density, at 6(P F. 
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1000 
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30197 


-1851 
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4-0860 


1-231 


6-1474 


1001 


00255 


•0026 


1-078 


20465 


•1873 


1155 


41148 


1232 


61743 


1003 


00510 


•0051 


1079 


30734 


•1896 


1156 


4-1319 


1-233 


62012 


1003 


00765 


•0077 


1080 


SI006 


•1918 


1 157 


41586 


1234 


6-8280 


1004 


01020 


•0102 


1-081 


31875 


-1941 


1 158 


41657 


1235 


6-2551 


1005 


01275 


•0128 


1089 


21543 


-1963 


1-159 


4-2128 


1-236 


62833 


1006 


01530 


0153 


1-083 


81811 


•1985 


1-160 


4-2502 


1-237 


6-3098 


1007 


01785 


•0179 


1-084 


2-2080 


•2007 


1-161 


4-2771 


1238 


6-3363 


; 1-006 


0-2040 


•0204 


1-085 


9'2359 


•3029 


1-162 


4-3040 


1239 


6-3631 


i 1009 


0-2295 


•0230 


1080 


2-2627 


•3051 


1163 


4-3309 


1-240 


6-3903 


1010 


02550 


•0255 


1-087 


22894 


•2073 


1164 


4-3576 


1241 


6-4153 


1011 


0-2805 


•0280 


1-088 


33161 


•2095 


1-165 


4-3847 


1-242 


6-4401 


1012 


0-3060 


•0306 


1089 


83438 


•3117 


1166 


4-4115 


1243 


6-4650 


1013 


0-3315 


•0331 


1090 


28710 


•3139 


1-167 


4-4368 


1-244 


6-4903 


1014 


0-3570 


•0356 


1091 


23987 


•3161 


1-168 


44653 


1245 


65153 


1015 


0-3825 


•0381 


1093 


2-4356 


•3183 


1-169 


4-4923 


1246 


6-6403 


1016 


0-4180 


•0406 


1093 


3-4534 


•3205 


1-170 


4-5201 


1-247 


6-5651 


1017 


0-4335 


•0431 


1-094 


3^4793 


•2227 


1-171 


4-5460 


1246 


65903 


1018 


0-4590 


•0456 


1095 


2-5061 


•2249 


1173 


4-5722 


1249 


66152 


1-019 


0-4845 


•0481 


1096 


2-5329 


•2270 


1173 


4-5983 


1-250 


6 6403 


1020 


0-5100 


•0506 


1-097 


2 5598 


•2292 


1-174 


4 6242 


1-251 


6-6681 


1091 


05351 


•0531 


1098 


3-6866 


•2314 


1175 


4-6605 


1-252 


66960 i 


10« 


0-5602 


•0555 


1099 


3-6130 


•2335 


1176 


4-6764 


1258 


6-7240 


1023 


05853 


•0580 


MOO 


26404 


•2357 


1177 


4-7023 


1254 


6-7521 


1024 


06104 


•0605 


1101 


2-6663 


•2378 


1178 


4-7281 


1255 


6-7800 


1025 


0-0355 


•0629 


1 102 


2-6921 


•2400 


1179 


4-7539 


1256 


6-8081 


1026 


0-6606 


•0654 


1-103 


2 7188. 


•2421 


1180 


4 7802 


1257 


6 8362 i 


1 1027 


0-6857 


•0678 


1-104 


27446 


•2443 


1181 


4-8051 


1256 


6-8643 


1028 


7108 


•0703 


1 105 


2-7704 


•2464 


1182 


4-8303 


1-259 


6-8921 


1 1029 


07359 


•0727 


1-106 


2-7961 


•2486 


1183 


4-8554 


1-260 


6 9201 


1 1030 


0-7610 


•0752 


1107 


28227 


•2507 


ri84 


4-8802 


1-261 


69510 


I 1031 


0-7861 


•0776 


1108 


28485 


•2529 


1185 


4-9061 


1262 


6 9822 


1032 


81 12 


•0800 


1-109 


28740 


•2550 


1186 


4-9300 


1-263 


7-0133 


1 1-033 


08363 


•0825 


l-lIO 


2-9001 


•2571 


ri87 


49552 


1264 


7-0444 


1034 


08614 


•0849 


1-111 


2-9363 


•2593 


1188 


4-9803 


1-265 


7-P751 


1035 


08866 


•0673 


1-112 


29522 


•2614 


1189 


50054 


1-266 


7-1060 


1030 


09149 


•0897 


1113 


2-9780 


-2635 


1190 


5 0304 


1-267 


7-1369 


1 1037 


9449 


•0921 


1114 


30045 


•2656 


1191 


50563 


1268 


7-1678 


■ 1038 


09768 


•0945 


1-115 


3-0304 


-2677 


1192 


5-0822 


1269 


7-1968 


i 1-039 


1-0090 


•0969 


1-116 


30563 


•2698 


1193 


51080 


1-2:0 


7-2300 


i 1040 


10400 


•0993 


1 117 


3-0621 


•2719 


1194 


6-1341 


1-271 


72601 


! 1041 


1-0653 


•1017 


1118 


31080 


•2740 


1195 


51602 


1272 


7-3903 


1042 


1-0906 


•1041 


M19 


3-1343 


•2761 


1196 


51863 


1-273 


7-3204 


; 1043 


11159 


•1065 


1120 


3-1610 


•2782 


ri97 


52124 


1274 


7-3506 


; 1-044 


1-1412 


•1089 


1121 


3-1871 


'2803 


1-198 


5-2381 


1-275 


7-3807 


' 1045 


11665 


•1113 


1-123 


8-2130 


•2824 


1199 


5-2639 


1-276 


7-4109 


; 1046 


1-1918 


•1136 


1123 


3-2399 


-2845 


1-200 


5-2901 


1277 


7-4409 


1047 


1-2171 


•1J60 


1.124 


8-2658 


•2865 


1-201 • 


5-3160 


1-978 


7-4708 


1-048 


12424 


•1184 


1125 


3-2016 


-9886 


1-202 


5-3422 


1-279 


7-5007 


1049 


12687 


•1207 


1126 


3-3174 


•2907 


1-203 


5-3681 


12to0 


7-5307 


1050 


1-2940 


•1231 


1127 


3-3431 


•2927 


1204 


5 3941 


1281 


7-5600 


1051 


1-3206 


•1254 


1128 


3-3090 


•2948 


1205 


6-4203 


1-282 


75891 


1062 


1-3472 


•1278 


1129 


3-3949 


•2969 


1-206 


5-4462 


1-283 


7-6180 


1053 


1-3738 


•1301 


1130 


3 4211 


•2989 


1-207 


5-4720 


1-284 


7*6469 


1054 


1-4004 


-1325 


1131 


3-4490 


•3010 


1208 


54979 


1-285 


7-6758 


1055 


1-4270 


•1348 


1132 


3-4769 


•3030 


1-209 


5 5239 


1-286 


7-7046 


1056 


1-4636 


-1372 


1133 


3-5046 


-3051 


1-210 


5 5506 


1287 


7 7381 


1057 


1-4802 


•1395 


1134 


35326 


•3071 


1311 


5-5786 


1-286 


7-7630 


1058 


1-5068 


•1418 


1135 


3-5605 


•3092 


1313 


5 6071 


1-289 


7-7910 


1059 


15334 


-1441 


M'JO 


3-5683 


•3112 


1-213 


5-6360 


1-290 


7-8201 


1060 


1-5600 


•1464 


1137 


3-6160 


•3132 


1214 


56651 


1-291 


7 8462 


1061 


1-6870 


-1487 


1138 


3-6437 


•3153 


1-215 


5-6943 


1-292 


7-8763 


1062 


1-6J42 


•1510 


1139 


3-6716 


•3173 


1-216 


57233 


1293 


7-9043 


1063 


1-6414 


-1533 


1140 


3-70«K> 


•3193 


1-217 


57522 


1294 


7-9321 


1064 


1-6688 


•1566 


1 141 


8-72FT 


•3214 


1218 


6-78I4 


1-295 


79600 


1065 


16959 


•1579 


1143 


8-7563 


•3234 


1219 


5-6106 


1-296 


7-9879 


1-066 


1-7228 


•1602 


1143 


37840 


-3254 


1-220 


5-8401 


1297 


8-0156 


1067 


1-7496 


•1625 


1144 


3-8119 


-3274 


1221 


5-86S0 


1-296 


8-0446 


1068 


17764 


•1647 


1145 


38398 


-3294 


12-22 


5-6962 


1-299 


8 0719 


1-060 


1-8033 


•1670 


1146 


3-8677 


•3314 


1223 


59242 


1-300 


61001 


1-070 


1-8300 


-1693 


1147 


38955 


-3334 


1-224 


5-9523 






1071 


18571 


-1716 


1148 


39235 


-3354 


1225 


5-9801 






1072 


1-8843 


-1738 


1149 


3-9516 


-3374 


1226 


6 0081 






1073 


1-9116 


-1761 


1150 


3-9801 


•3394 


1-227 


60361 






1074 


1-9385 


-1783 


1151 


40070 




1228 


60643 






1075 


19A53 


•1806 


1158 


40342 




1229 


60925 






1076 


1-9928 


im 


1 153 


4 0611 




1-230 


6 1205 
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SAFETY LAMP. During a visit irhich I paid to Newcastle some time ago, I 
took pains to learo the opinion of the best jadges of coal mining, upon the merits of the 
patent invention of Upton and Roberts, described in the Dictionary, and I found from 
the concurring testimony of that very able engineer, Mr. Buddie, since lost to his 
friends and the world, and of Mr. Sopwith, well known for the geological study of the 
coal formation, that the said lamp could not be safely used on account of its glass case, 
which, being most liable to break, would be apt to cut or rupture the meshes of the 
wire gauze within it, and thus to lay the flame open for explosions. It is not therefore 
in use. 

SAGO. See Pepper in this Supplement. 

SAL AMMONIAC. A patent was obtained in 1840, for improvements in the 
manufacture of this article, by Mr. H. Waterton. Two modes of operating are de- 
scribed ; the first consists in making a stfturated solution of common salt in water, and 
mixing with it a quantity of finely pulverized carbonate of ammonia, about equal in 
weight to the salt contained in the solution. The mixture is agitated in a close vessel 
for six or eight hours, and as much carbonic acid gas is infused therein as it will absorb 
(but the introduction of the gas is not absolutely necessary, although the patentee pre- 
iera it) ; the liquid is then separated from the solid matter, by filtration and pressure. 
The solid matter is chiefly bi-carbonate of soda,.and the liquid holds in solution muriate 
and carbonate of ammonia, and common salt, and sometimes a small portion of the bi- 
carbonate of soda. 

The liquid is now placed in a distilling vessel, and the carbonate of ammonia being 
distilled over into a suitable receiver, a solution of muriate of ammonia and common salt 
remains in the still. This solution is evaporated, by heat, to such a consistency as will 
cause the separation of the common salt, by crystallization, and the salt, thus crystallized, 
is evaporated from the liquid by any convenient method. The liquid is then evaporated 
until it attains the proper specific gravity for crystallizing, and it is transferred into 
suitable utensils for that purpose. The crystals, produced by these means, are nearly 
pure muriate of amnfonia, and, when pressed and dried, may be brought to market 
without further preparation, or they may be sublimed into cake sal ammoniac. 

The other mode of manufacturing sal ammoniac consists in taking a quantity of 
liquid, containing ammonia, either in the caustic state, or combined with carbonic, hy- 
drosulphuric, or hydrocyanic acid (such as gas ammoniacal liquor, or bone ammoniacal 
liquor), and rectifying it, by distillation, until the distilled portion contains from twenty 
to twenty-five per cent, of carbonate of ammonia. If the liquid contains any other acids 
> than those above mentioned, a sufficient quantity of lime is used in the distillation to 
decompose the ammoniacal salt. 

The distilled liquid being now mixed with as large a quantity of powdered common 
salt as it will dissolve, is agitated for several hours, and as much carbonic acid gas is 
infused into it as it will absorb. The remainder of the operation is the same as before 
described in the first method of manufacturing sal ammoniac. — Newton's Journal, C. S. 
xxii. 36. 

SEMOULE. The name given in France, and used in this country, to denote the 
large hard grains of wheat flour retained in the bolting machine after the fine flour has 
been passed through its meshes. The best semoule is obtained from the wheat of the 
southern parts of Europe. With the semoule, the fine white Parisian bread called gruan 
is baked. Skilfnl millers contrive to produce a great proportion sdmoule from the large* 
grained wheat of Naples and Odessa. 

SILK. Several pieces of silk were put into my hands, for analysis, on the 18th of 
February, after I had, on the preceding 12th of the month, visited the St. Katharine's 
Dock warehouses, in New street, Bishopsgate street, for the purpose of inspecting a 
large package of the Corahs, per Colonist. I was convinced, by this inspection, that, 
notwithstanding the apparent pains bestowed upon the tin plate and teakwood packing- 
cases, certain fissures existed in them, through which the atmospheric air had found 
access, and had caused iron-mould spots uiK)n the gunny wrapper, from the rusting or 
oxidizement of the tinned iron. 

I commenced my course of analysis upon some of the pieces which were most 
damaged, as I thought they were most likely to lead me to an exact appreciation of 
the cause of the mischief; and I pursued the following general train of research : — 

1. The piece of silk, measuring from 6 to 7 yards, was freely exposed to the air, then 
weighed, afterward dried near a fire, and weighed again, in onler to determine its 
hygrometric property, or its quality of becoming damp by absorbing atmospheric vapor. 
Many of the pieces absorbed, in this way, from one tenth to one eighth of their whole 
weight; that is, from 1 oz to 1| oz. upon 13 oz. This fact is very instructive, and 
shows that the goods had been dressed in the loom, or imbued subsequently, with some 
very deliquescent pasty matter. 

2. I next subjected the piece to the action of distilled water, at a boiling tempera- 
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tnre, till the whole glutinous matter was extracted ; five pints of water were employed 
for this purpose, the fifth being used in rinsing out the residuum. The liquid wrung 
out from the silk was evaporated first over the fire, but toward the end over a steam 
bath, till it became a dry extract ; which in the damaged pieces was black, like extract ' 
of liquorice, but in the sound pieces was brown. In all cases the extract so obtained 
absorbed moisture with great avidity. The extract was weighed in its driest state, and 
the weight noted, which showed the addition made, by the dressing to the weight of 
the silk. The piece of silk was occasionally weighed in its cleansed state, when dry, 
as a check upon the preceding experiment. . 

3. The dry extract was now subjected to a regular chemical analysis, which was 
modified according to circumstances, as follows: 100 parts of it were carefully igni- 
ted in a platinum capsule ; during which a considerable flame and fetid smoke were 
disengaged. The ashes or incombustible residuum were examined by the action of dis- 
tilled water, filtration, as also by that of acids, and other chemical tests, whereby the 
constituents of these ashes were ascertained. In the course of the incineration or cal- 
cination of the extract from the several samples, I never observed any sparkling or 
scintillation ; whence I inferred that no nitre had been used in the dressing of the 
goods, as some persons suggested. 

4. Having, in the course of boiling some of the extract from two of the damaged 
pieces in a little distilled water, felt a urinous odor, I was induced to institute the fol- 
lowing minute course of researches, in order to discover whether the urine of man had 
been introduced into the dressing paste of the silk webs. I digested a certain portion 
of the said extract in alcohol, 60 per cent, over proof, which is incapable of dissolving 
the rice water, or other starchy matter, which might be properly applied to the silk in 
the loom. The alcohol, however, especially when aided by a moiderate heat, readily 
dissolves urea, a substance of a peculiar nature, which is the characteristic constituent 
of human urine. The alcohol took a yellow tint, and being, after subsidence of the 
sediment, decanted clear ofi" into a glass retort, and exposed to the gentle heat of a wa- 
ter bath, it distilled over clear into the receiver, and left a residuum in the retort, which 
possessed the properties of urea. This substance was solid when cold, but melted at a 
heat of 220-* F. ; and at a heat of about 245° it decomposed with the production of wa- 
ter and carbonate of ammonia — ^the well-known products of urea at that temperature. 
The exhalation of ammonia was very sensible to the smell, and was made peculiarly 
manifest by its browning yellow turmeric paper, exposed in a moist state to the fumes, 
as they issued from the orifice of the glass tube, in which the decomposition was usually 
effected. I thus obtained perfect evidence that urine had been employed in India in 
preparing the paste with which a great many of the pieces had been dressed. It is 
known to every experienced chemist, that one of the most fermentative or putrefac- 
tive compositions which can be ifiade, results from the mixture of human urine with 
starchy or gummy matter, such as rice water ; a substance which, by the test of iodine 
water, these Corahs also contained, as I showed to the gentlemen present, at my visit 
to the Bonding Warehouse. 

5. On incinerating the extract of the Corahs, I obtained, in the residuum, a notable 
quantity of free alkali ; which, by the test of chloride of platinum, proved to be potassa. 
But, as the extract itself was neutral to the tests of litmus and turmeric paper, I was 
consequently led to infer that the said extract contained some vegetable acid, probably 
produced by the fermentation of the weaver's dressing, in the hot climate of Hindostan. 
I, accordingly^ examined the nature of this acid, by distilling a portion of the extract 
along with some very dilute sulphuric acid, and obtained in the receiver a notable 
quantity of the volatilized acid condensed. This acid might be the acetic (vinegar), 
the result of fermentation, or it might be the formic or acid of ants, the result of the 
action of sulphuric acid upon starchy matter. To decide this point, I saturated the said 
distilled acid with magnesia, and obtained on evaporation the characteristic gummy 
mass of acetate of magnesia, soluble in alcohol, but none of the crystals of formiate of 
magnesia, insoluble in alcohol. From the quantity of alkali (potassa) which I obtained 
from the incineration of the extract of one piece of the damaged silk, and which 
amounted to six grains at least, I was convinced that wood ashes had been added, in 
India^ to the mixture of sour rice water and urine, which would therefore constitute a 
compound remarkably hygrometric, and well qualified to keep the wan> of the web 
damp, even in that arid atmosphere, during the time that the Tanty or weaver was 
working upon it. The acetate of i>otassa, present in the said Corahs, is one of the 
most deliquescent salts known to the chemist : and, when mixed with fermented urine, 
forms a mdst active hygrometric dressing— one, likewise, which will readily generate 
mildew upon woven goods, with the aid of heat and the smallest portion of atmospheric 
oxygett. By the above-mentioned fermentative action, the carbon, which is one of the 
chemical constituents of the rice or starchy matter, had been eliminated, so as to occa- 
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Bton the dark stains upon the silk, and the blackness of the extract taken ont of it bjr 
distilled water. 

6. That the dressing applied to the webs is not simply a decoction of rice, becomes 
rery manifest, by comparing the incinerated residuum of rice with the incinerated re- 
siduum of the extract of the said Corahs. I find that 100 grains of rice, incinerated in 
a platinum capsule, leave only about one fiAh of a grain, or 1 in 500 of incombustible 
matter, which is chiefly silicious sand ; whereas, when 100 grains of an average extract 
of several of these Corahs were similarly incinerated, they left fully 17 parts of incom- 
bustible matter. This consisted chiefly of alumina or earth of clay, with silica, potassa, 
and a little common or culinary salt. (Has the clay been added, as is done in Man- 
chester, to give apparent substance to the thin silk web ?) 

From the above elaborate course of experiments, which occupied me almost con- 
stantly daring a period of four weeks, I was fully warranted to conclude that the dam- 
age of the said goods had been occasioned by the vile dressing which had been put into 
them in India ; which, as I have said, under the influence of heat and air, had caused 
them to become more or less mildewed, in proportion to their original dampness when 
packed at Calcutta, and to the accidental ingress of atmospheric air into the cases du- 
ring the voyage from Calcutta to London. 

The following is the list of Corahs which I chemically examined : — 

1 and 2, per Colonist, from Calcutta, 2 pieces, sound. — ^These two pieces had been 
dressed with a sweet viscid matter, like jaggery or goor (molassy sugar), mixed with 
the rice water. This extract contained no urine, but emitted a smell of caramel oi 
burned sugar, when ignited. It amounted to 270 grains in the one, and 370 in the 
other. 

3, ditto, 1 piece, mildewed, Ist degree. — ^This piece had been dressed like No. 6, and 
contained no trace of urine. It afforded 400 grains of a most deliquescent sweetish 
glutinous matter. 

4, ditto, 1 piece, mildewed, Ist degree, as No. 3. 

5, ditto, 1 piece, mildewed, 3d degree. — ^This piece contained no trace of urine, but it 
afforded 210 grains of a light brown extract, being rice water, mixed with something 
like jaggery. 

6, ditto, 1 piece, 3d degree, mildewed. — ^This piece afforded evidence of urine in it, 
by test of carbonate of ammonia. The extract amounted to 320 grains. 

8, ditto, 2 pieces, damaged in the 3d degree. — The total weight of one of these pie- 
ces, after exposure to air, was 4,610 grains, and it lost 440 grains by drying. The total 
weight of the other was 4,950 grains, and it lost 320 grains by drying. The weight of 
extract was, in one piece, 210 grains ; and both pieces contained abundant traces of 
urine, as well as of potash. These constituents, along with the rice water, accounted 
sufficiently, for the great damage of these two pieces^y mildew. 

10, ditto, 2 pieces, sound. — These contained no urea. Each afforded from 300 to 
600 grains of a light brown vegetable extract. 

12, ditto, 2 pieces. — The extract in the one amounted to 222 grains, and in the other 
to 330. Both contained urea, and had, therefore, been imbued with urine. 

14, ditto, 2 pieces, mildewed, 3d degree. — There was no urea in the extracts from 
these two pieces ; but they afforded, the one 300 grains of extract, and the other 750. 
But this extract was a saccharine molassy matter, impossible to dry over a steam heat. 
The same quantity as the last, if dried by stronger means, would have weighed proba- 
bly 600 grains. Its extraordinary deliquescence kept the pieces very moist, and there- 
by caused the mildewing of them. With the saccharine matter, four per cent, of culi- 
nary salt was mixed in one of these extracts. 

16, ditto, 2 pieces, 3d degree of mildew. — The extract, about 200 grains, contained 
abundant evidence of urea, and, consequently of urine. 

18, ditto, 2 pieces, sound. — Both these contained some traces ot urea ; but the one 
yielded only 102 grains of extract, and the other 370 grains. They must have been 
well screened from the air to have resisted the action of the urine. 

20, ditto, 2 pieces, damaged, 1st degree. — No urea. The extract of the one was 320 
grains ; of the other piece 380 ; and it had a light brown color, being a saccharine 
mucilage. 

22, ditto, 2 pieces, 3d degree mildew. — 200 grains of extract in the one, and 210 in 
the other: they contained urea. 

24, 2 pieces, 3d degree of mildew. — 310 grains of extract in the one, and 180 grains 
in the other. Both were impregnated with urea, and consequently with urine. 

Having in the preceding report demonstrated, by the clearest processes of chemical 
research, that the above mildewed Corahs had been damaged by the fermentative de-* 
composition of the dressing paste with which they had been so abundantly impregnated, 
I would recommend the importers of such goods to cause the whole of the dressing to 
be washed out of them» and the pieces to be thoroughly dried, before being packed up. 
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I J)€lieve that clean silk may bf kept and transported, even in the most humid atQiQ- 
spbere^ without undergoing; any change, if it be not imbued with fermentative paste.^ 

I examined eight, other pieces of a different mark, imported by another mercanmo 
house, per Colonist, and they afforded results similar to the above. 

SILVER, Extradicm of from Leai ; Pattmson's process, — The desilverizing a|g)a- 
ratus of Locke, Blackett, and Co., consists of seven crystallizing pots, and one smaller 
pot for receiving the desilvered lead. They are all made of cast iron, and arranged ia 
a straight line. 

The lead in each pot varies in its contents of silver. 



The first containing 85 cwts. lead, at about 60 oz. of silver, or 1 544ths per ton ^ 

I3 divided into 55 cwts. crystals carried to second pot, at 35 oz. per ton - 96 

18 cwts. do. to be put in first pot again, at 64 oz. per ton 67 

and 12 cwts. rich lead to be cupelled, at 170 oz. per ton - - 102 

The second pot containing 90 cwts. lead, at about 35 oz. silver per ton 
Is divided into 60 cwts. crystals carried to third pot, at 20 oz. per ton - 60 
and 20 cwts. lead put into first pot, at 65 oz. per ton - - 97 

The third pot containing 90 cwts. of lead, at about 20 oz. per ton 
Is divided into 55 cwts. crystals carried to fourth pot, at 10 oz. per ton - 27 
and 25 cwts. lead put into second pot, at 36 oz. per ton - - 63 

The fourth pot containing 80 cwts. lead, at about 10 oz. per ton 
Is divided into 55 cwts. crystals, carried to fifth pot, at 5J oz. per ton - 15 
and 25 cwts. lead put into third pot, at 20 oz. per ton - • 25 

The Gfth pot containing 80 cwts. lead, at about 5J oz. silver per ton - 
Is divided into 55 cwts. crystals, put into sixth pot, at 3 oz. per ton - • 8J 
and 25 cwts. lead, put into fourth pot, at 11 oz. per ton - - 13J 

The flixth pot containing 80 cwts. lead,. at about 3 oz. per ton - - - 
Is divided into 55 cwts. crystals, carried to seventh pot, at li oz. per ton - 4| 
and 25 cwts. lead, put into fifth pot, at 6 oz. per ton - - - 7| 

The seventh pot containing 55 cwts. lead, at about Ij oz. per ton 
Is divided into 25 cwts. crystals, carried to small pot, at li oz. per ton - ) 

and 30 cwts. lead, put into sixth pot, at 2| oz. per ton - - 3| 
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The above 25 cwts. of crystals are melted and cast into pigs and sent to the market. 

In operating upon lead containing about 10 oz. per ton, the fourth pot is filled with 
it; if it should contain 20 oz., or thereabouts, it is put into the third pot; a^d so of 
any other. 

i^tg. 125 represents the arrangement of the iron pots or caldrons, in their oi4er. 




'^'he d«silvering apparatus represented in fig, 125 is composed of five caldrons of 
east iron, each heated by its own fire, besides two smaller pots, similarly heated. The 
caldrons rest by their upper flange and surface upon bricks properly formed and 
arranged. Their shape is not hemispherical ; their mouth is 40 inches in length, but 
only 26 inches in width. Over the door of the fireplace, the mouth stands 8 f««t 
Clinches above the ground or bottom of the ash-pit, of which space, 18 inches intdrveae 
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between tbe grate and tbe brim. The grate is 2 feet long and 8| inches wide. All 
the caldrons have the same elliptic form, with a bottom like the small end of an egg. 
The fifth alone is smaller, but this one serves merely to melt the lead which has beoi 
■tripped of its silver, in order to be cast info salmons or blocks. 

The charge consists of 64 or 65 salmons, each weighing from 120 to 140 lbs. When 
they are well melted, the fire is removed from the grate, as well as the small film of 
litharge from the suiface of the metal ; and one or two salmons are added to accelerate 
tlve codting, or sometimes, instead, a little soapy water is sprinkled into the caldron, 
whereby a crust of lead is formed, which being pushed down into the mass, melts with 
ebullition. This is repeated till the whole becomes sufficiently cool, that is, when 
crystals begin to form. The lead concreted round the sides being now detached, the 
whole is stirred with an iron bar, by a motion in a vertical plane, and varying its 
posture in this plane. During this operation, intended to establish a uniform tempera- 
ture throughout the mass, a second workman heats in the l^maUer pot adjoining to ' 
Ko. 1 a large skimmer at the end of a long wooden handle, and next proceeds to fish 
out the crystals, taking care to let them drain off for a few seconds all the liquid lead 
among them, and then turns out the crystals slowly into the next caldron, No. 2 ; 
tike second workman meanwhile adds the metal solidified round the sides, and stirs all 
together to equalise the temperature. These two-fold operations occupy about fifty 
minutes ; by which time, there remains in the caldron about 16 salmons. The workman 
now lifts out the crystals, as before, with the drainer, and throws them upon the ground 
in two heaps. His assistant takes them up a little while afterward, and puts them 
away to make room for fresh crystals, which the first workman continues to throw 
down. This process goes on till only 8 salmons remain in the caldron, a point ascer- 
tained by gauging the height to the bath. The fire being at this time removed from 
cauldron No. 2 into the grate of No. 1, the 8 salmons of lead enriched with silver, 
which remain at the bottom of the caldron, are run out into movable moulds ; and the 
8 salmons which were thrown upon the ground are put into it ; the full charge being 
then made up with salmons of the same richness as those previously used. 

While this mass is melting in No. 1 the process just finished in it is repeated in 
Ko. 2. About three fourths of the metallic mass is next separated in the state of 
crysttUSy which are transferred to No. 3, and also one eighth of crystals thrown on the 
ground, after pouring the remaining one eighth at the bottom of caldron No. 2 not 
mto moulds, but into No, 1. 

A Iflce process is performed in caldrons 3 and 4 ; and the poor lead taken out of 4 
10 transferred to 5 to be melted, and run into salmons, which are submitted afresh to the 
preceding series of crystallizations, provided the lead still contains a sufficient proportion 
of silver. 

The following Table will place the results of the above successive operations in a 
clear light: — 

Silver in 1 Ton of L6a4. 
Original lead -.-.-- 0*001153 

1. Rich crystals ------ 0-003324 

2. Poor ditto 0-000933 

— Rich ditto > proceeding from the treatment of the prece-t 0-0020802 

3. Poor ditto > ing No. 2 poor crystals - - ( 0*0007021 

4. Rich ) proceeding from the treatment of No. 3 poor crys-5 0*001399 

—Poor $ tals I 0-0004669 

—Rich ) .. ^. ^^ - „ ^^ - 5 0-0008136 

(Lead) poor J ^ ""^^^ from No. 4 - - - | ^.^^ ^ ^^8 

We thus see, that four crystallizations, repeated upon the original lead from the 
fmelting furnace, of the above richness, will afford a lead ten times poorer. With a 
lead originally containing only 0*0002248 in silver, three crystallizations would suffice 
to make it ten times poorer. In general, the poorer the lead, within certain limits, the 
better adapted is it to this process. 

SILVERING. See Electrotype. 

SLIDES. The name given by the Cornish miners to clay veins of more modem 
formation. 

SMELTING IRON FURNACES, commonly called BLAST FURNACES. Several 
of these furnaces, as mounted near Glasgow, deserve to be made known, on account of 
the economy of their construction, the advantage of their form, and the amount of their 
performance. 

Fig, 126 represents one of the smallest of these, which measures from the line at the 
bottom to the top 48 feet, from which all the other dimensions may be estimated. It 
produces a soft cast iron for casting into moulds and for melting in the cupola. Fii 
127 and 128 i-epresent a much larger furnace, being from the top, to the line A, B, C^ 
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60 feet high. A few have been built still larger. This famtfce has a doable case, each 
of which consists of fire-bricks. This case is enclosed by common bricks, and these by 
a wall of stone masonry. The successive rows of bricks are laid stair-wise, having the 




angular retreat filled up with fire-clay. Fig, 131 is a modem furnace of very large 
dimensions, as the numbers upon it show. 




William Jessop, Esq., proprietor of the great iron works of Butterley and Codner 
Park in Derbyshire, has invented a very elegant and effective apparatus for feeding his 
blast furnaces with fuel, mine (calcined ironstone), and limestone in due proportions, 
and equally distributed round the inside of the furnace. Figs, 132, 133, represent this 
feed-apparatus. Fig, 132, shows at A, an outline of the furnace, and at B, the line of 
entrance into its throat. C, is the feed mechanism. It consists of a long balance lever 
barrow, D, £ ; D, being an iron cylinder, open at top and bottom, 4 feet in diameter 
and 2i feet in height, in the, inside of which a hollow cone of iron is suspendea, with 
its apex uppermost, so that while the base of the cone is kept above the level of the 
bottom of the cylinder it shuts it ; but on the cone being lowered below that level, it 
allows the charge of materials resting all round on the slant surface of the cone to fall 
down equally round the side of the cylinder into the furnace. In fig, 133 the barrow 
lever, D, E, is seen in profile or vertical section ; a, is the fulcrum wheel, upon which 
the lever is in equilibrio when 9 cwt. of coals are put into the cylinder; then a weight 
is hung on, near the end, E, of the lever, as an equipoise either to 9 or 12 cwt. of mine, 
according to circumstances ; and next, a weight to balance one third of that weight of 
limestone. These weights of materials being introduced into the cylinder, while the 
barrow rests upon a level with the line E D, it is then rolled forward into its place, 
as shown in the figure, upon the wheels, b, 6, upon a platform sustained on the top of aa 
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iiiTerted qrHnder within the cast-iron column, into which cylinder air is admitted 
(through a valve opened by the workman) from the furnace blast, the air passing up the 




tube seen in the axis of F. The inverted air-cylinder is 3| feet in diameter, 36 feet 
longy and rises 25 feet; being made air-tight wiUi water, it ascends in its columnar case, 
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^l^S^Bi4r foet in diiuneter» withpnt frictloa. The space, 6 ;H).^g. 13^ U. 3§ fe^^, 
8qgiar«» 

The iron cone, which serves as a valve to the charging-drum or cylinder, is raised, 
and lowered by means of a chain passing round a worm-wheel, which is turned round 
by an endless screw, acted upon by the long rod at c, which the workman can move by 
hand at pleasure, thereby lowering or raising the end of the short lever, d, to which th^ 
valv^ cone is suspended. The cord by which the workman opens or shuts the air 
piston-valve is seen at e, /. I have viewed with much pleasure the precise and easy ' 
movements of this feed-apparatus, at an excellent blast furnace in Codner Park iron 
works. 

SMOKE PREVENTION. Among the fifty several inventions which have been 
patented for ejecting this purpose, with regard to steam-boiler and other large furnaces, 
very few are sufficiently economical or cflfective. The first person who investigated this 
subject in a truly philosophical manner was Mr. Charles Wye Williams, pianaging director 
of the Dublin and Liverpool Steam Navigation company, and he also has had the merit 
of constructing many furnaces both for marine and land steam-engines, which thoroughly 
prevent the production of smoke, with increased energy of combustion, and a more or 
less considerable saving of fuel, according to the care of the stoker. The specific inven- 
tion, for which he obtained a patent in 1840, consists in the introduction of a proper 
quantity of atmospheric air to the bridges and flame-beds of the furnaces, through a 
great number of small orifices, connected with a common pipe or canal, whose area can 
be increased or diminished, according as the circumstances of complete combustion may 
require, by means of an external valve. The operation of air thus entering in smaU 
jets into the half-burned hydro-carburetted gases over the fires, and in the first flue, is 
their perfect oxygenation, the development of all the heat which that can produce, and 
the entire prevention of smoke. One of the many ingenious methods in which 
Mr. Williams has carried out the principle of what he justly calls his Argand furnace, 
is represented in fig. 134, where a is the ash-pit of a steam boiler furnace ; 6, is the 




mouth of a tube which admits the external air into the chamber or iron box of dist 
bution, c, placed immediately beyond the fire-bridge, g, and before the difi*usion o 
mixing chamber,/. The front oftheboxis preforated either with round or oblong 
orifices, as shown in the two small figures c, e beneath fig, 134 ; d, is the fire-door, 
which may have its fire-brick lining also perforated. In some .cases, the fire-door pro- 
jects in front, and it, as well as the sides and arched top of the fireplace, are constructed 
of perforated nre-tiles, enclosed in common brickwork, with an intermediate space, into 
which the air may be admitted in regulated quantity through a moveable valve in the 
door. I have seen a fireplace of this latter construction performing admirably, without 
smoke, with an economy of one seventh of the coals formerly consumed in producing a 
like amount of steam from an ordinary furnace; A is the steam boiler. 

Very ample evidence was presented last session to the Smoke Prevention committee 
of the house of commons of the successful application of Mr. Williams's patent inven- 
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tion to many furnaces of the largest dimensions, more especiaHy by Mr. Henry Konlds- 
worth, of Manciiester, who, mounting in the first flue a pyrometrical rod, which acted 
on an external dial index, succeeded in observing every variation of temperature, pro- 
duced by varying the introduction of the air-jets into the mass of ignited gases passing 
out of the furnace. He thereby demonstrated, that 20 per cent, more heat could be 
easily obtained from the fuel, when Mr. Williams's plan was in operation, that w^en 
the fire was left to burn in the usual way, and with the production of the usual 
volumes of smoke. It is to be hoped, that a law will be enacted in the next session of 
parliament for the suppression, or at least abatement, of this nuisance, which so greatly 
disfigures and pollutes many parts of London, as well as all our manufacturing towns, 
wbJQe it acts injuriously on animal and vegetable life. Much praise is du€ to Mr. 
Williams for his indefatigable and disinterested labors in this difiicult enterprise, and 
for his forbearance under much unmerited obloquy from narrow-minded prejudice and 
indocile ignorance. 

SOAP. Several contrivances upon this subject have bustled over the patent stage 
within these few years ; such as Mr. Dunn's for making soap rapidly at a temperature 
of 310° Fahr. under high steam pressure, by which many credulous shareholders were 
gulled into a belief that they would realize by this joint-stock project 200,000/. per 
> annum. The soap so made was merely swelled in size and weight, by being surcharged 
with water, so that in a few weeks, the bars of it shrunk, rent, and twisted into mere 
skeletons; and being in this plight, returned to the' company by their customers, caused 
that large soap bubble to burst. 

Mr. I&eridan's silica soap had a somewhat longer career, but is now also nearly con- 
signed to oblivion. Causticity and abrasiveness were the chief characteristics, resulting 
from the mixture of a strong solution of silicate of soda, or liquor of flints, with soap 
made in the conmion way. 

The invention for which Dr. Normandy obtained a patent merits a better fate. 
When yellow soap is made with the cheaper kinds of fat, it will hardly acquire a suffi- 
cient degree of firmness or hardness to satisfy the thrifty washerwoman. It melts away 
too rapidly in the hot water ; a defect which may be weU remedied by the introduction* 
into' the soap of a little fused sulphate of soda; and the salt concreting gives the soap a 
desirable hardness, while it improves its color, and renders it a more economical article 
for the washing-tub. In a trial recently before the court of common pleas, il was proved 
that the soap made according to Dr. Normandy's patent was worth fully 2/. a ton more 
than the original soap, without the sulphate of soda. 

Mr. Dunn has recently obtained a patent for accelerating the process of soap-making; 
he promotes the combination of the alkali, fat, and water, by pumping streams of 
atmospheric air through the saponaceous materials, while exposed to the usual heat in 
the pan. This scheme is said to effect its purpose, and to save much time. 

SODA. On the 30th of June, 1838, Messrs. Dyar and Hemmings obtained a 
patent for manufacturing soda by the decomposition of sea salt with sesqui-carbonate or 
bicarbonate of ammonia. Equal parts of the chloride of sodium and sesqui-carbonate 
are prescribed, being very nearly the equivalent decomposing proportions, and the am- 
monia salt is recommended to be added in powder to a saturated solution of the sea salt, 
and the mixture to be stirred and then set aside till the mutual action and decomposition 
be eflfected. Having been employed to examine this process for a gentleman who 
wished to adopt it upon a mainufacturing scale, I obtained the following results : On 
making the prescribed mixture in the cold, brisk effervescence takes place, because 
the quantity of carbonic acid combined with the ammonia is greater than the resulting 
soda can readily absorb, even to form its bicarbonate, and this extrication of gas carries 
off with it more or less ammonia, amounting, in carefully conducted experiments, to no 
less than 27 per cent, of the sesqui-carbonate employed ; though the magma deposited 
from the mixture was drained in vessels nearly close, and though the ammonia which 
adhered to it, as well as that in the drained mother liquors, was recovered by distilla- 
tion in vessels connected with a Woulfe's apparatus. Moreover, the utmost amount of 
soda-ash (not pure carbonate) which was obtained, was only 37*5 for 100 of sea salt 
used, whereas 90 of carbonate should result from 100 of the sea salt, with the above 
equivalent dose of sesqui-carbonate of ammonia. This latter salt contains about one 
half more carbonic acid than is required by the soda to become a carbonate. A good 
illustration of the loss of ammonia in a similar case is afforded by the decomposition of 
chloride of calcium in solution, by adding to it the equivalent dose of pulverized 
ammonia carbonate ; viz., 56 of the former and 59 of the latter. The rapid extrication 
of the carbonic acid on making this mixture, causes such a waste of ammonia, that 
more of the sesqui-carbonate must be afterward Introduced, to complete the decompo- 
sition of the chloride ; the stronger the solution of the chloride the greater is the lost 
of ammonia. 
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In one of my experiments where were employed 3500 grain8«half a pound aroir- 
dnpois^ of each ingredient, the following were the prodacts : — 

Grainii. 

1. Ammonia recovered hy distillation from the drained magma, 

equivalent in sesqni-carbonate to - - - - - 257 

2. Ammonia as carbonate, from the remaining liquid, sucked into a 

vacuous apparatus and distilled ..... 1509 

3. Additional ammonia as carbonate, obtained from the cold mother 

liquors, by distillation with quicklime, and out of the sal 
ammoniac formed ......... 775 



Sesqul carbonate employed 



2541 
3500 



Loss 959 

or 27*4 per cent. 
The product from this experiment in dry soda ash was only 1500 grains, which wece 
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fcfavA to contain only 1,312 of pure carbonate, or 87*5 per cent, of the whole. Here is 
a deficiency of soda carbonate, upon the quantity of the chloride nsed, of no less than 
58| per cent., for only 1,312 grains are obtained instead of 3,150. 

SubsequenUy a meUiod occored to me, whereby this process, elegant in a scientific 
point of view, might possibly be executed with advantage upon the commercial scale ; 
but it would require a very peculiar apparatus, though not nearly so costly as what was 
erected by Mr. Cooper under the direction of the patentees at Battersea, and in Brusseb. 

SODA-WATER. At page 21 of vol. x. of the conjoined series of Newton's 
Journal, the patent apparatus of Mr. F. C. Bakewell, of Hampstead, for making soda- 
water, is well described with illustrative figures. The patent was obtained in March, 
1832, but how far it has been introduced into practice I have not heard. Its arrange- 
ment discovers ingenuity, but it seems less likely to prove durable than the patent 
apparatus of Mr. Tyler, which fig, 135 in the preceding page represents according to 
his latest specification. A, is the gas generator, where the chalk and sulphuric acid are 
mixed ; B, the gasometer ; C, the soda-water pump, for forcing in the gas ; D, the con- 
denser ; E, the solution (of soda) pan ; F, the bottling cork ; G, the acid bottle, attbe 
right hand shoulder of A; H, the wheels, for working the agitator in the condenser; 
I, the pipe, for conveying the gas to the pump ; K, pipe for conveying the solution to the 
pump ; L, cocks for regulating the admission of the gas into the solution ; M, drawing-off 
pipe leading to the bottling cork ; N, the forcing pipe from the pump to the condenser. 

The vessel in which the soda-water is condensed is lined with silver in order to 
resist corrosion. 

SOLDERING OF LEAD, and other melals, is called by its inventor M. de Riche- 
mont, autogenous, because it takes place by the fusion of the two edges of the metals 
themselves, without interposing another metallic alloy, as a bond of union. He effects 
this purpose, by directing a jet of burning hydiogen gas, from a small movable beak, 
upon the two surfaces or edges to be soldered together. Metals thus joined are much 
less apt to crack asunder at the line of union, by differences of temperature, flexure, 
&,c., than when the common soldering processes are employed. The fusing together 
the edges of lead sheets, for making sulphuric acid chambers, has been long practised 
in this country, but it was performed by pouring some of the melted metal along the 
line of junction, and afterward removing its excess by means of a plumber's soldering 
iron. The method of M. Richemont is a great improvement ux)on that old practice. 
It is much quicker and more convenient. 

SPINNING. The greatest improvement hitherto made in forming textile fabrics, 
since the era of Arkwright, is due to Mr. G. Bodmer, of Manchester. By his patent 
inventions the several organs of a spinning factory are united in one self-acting and 
self-supplying body — a system most truly automatic. His most comprehensive patent 
was obtained in 1824, and was prolonged by the Judicial Committee of the Privy 
Council, for 7 years after the period of 14 years was expired. It contained the 
first development of a plan by which fibres of cotton, flax, &c., were lapped and 
unlapped through all the operations of cleaning and blowing, carding, drawing, roving, 
and spinning ; in the latter, however, only as far as the operation of feeding is con- 
cerned. The lapping from the blower was then not new, but the lapping directly and 
in connexion with the carding engines was his invention, and was brought by him into 
operation at St. Blaize in the Black Forest, several years before he took out' his patent 
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in England. The method applied through all the following operations was then 
new. Mr. Dyer's and several other patents granted subsequently were decided and 
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acknowledged infringements. The patent of 1824 was the beginning ; the result of 
which was the several patents for improvements in 1835, 1837, 1838, and 1842, of Mr. 
Bodmer. 

By a machine generally called a Devil or Opener (" Wolf," in German), which 
consists of a feeding-plate set with teeth and a roller covered with spikes (see yig. 136), 
the cotton is cleared from its heaviest dirt and opened. This machine delivers the 
cotton into a room or on to a travelling cloth, from which it is taken, weighed in cer- 
tain portions, and spread upon cloth in equal portions : this is then rolled up, and placed 
behind the first blower. 

The first blower has a feeding-plate like fig. 137, without teeth, and over this plate the 
cotton is delivered to the operation of the common beaters, from which it is received 
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into a narrow compartment of 4^ or 5 inches broad, and wound, by means of his lap- 
machines, upon rollers in beautifully level and well-cleaned laps. Eight of these 
narrow laps are then placed behind a second blower, of a similar construction to the 
first. Instead of the common beater, however, a drum with toothed straight edges is 
used (see^g. 138), which opens the cotton still more, and separates the fibres from one 
another. ThQ cotton is again formed into similar narrow laps, which are still more 
equal than the preceding ones, and eight of these laps are then placed behind the carding 
engines. It was only by applying his lap-machine, patented in 1842, that he succeeded 
in forming small laps on the blower; without this he could not perform the doffing of 
the laps without stopping the wire-cloth, and in doing this, an irregular lap would be 
formed because of the accumulating of the falling cotton in one place while the wire- 
cloth was standing. 

Carding Engine. — His patent of 1824 showed a mode of coupling a number of carding 
engines, the product of which was delivered upon an endless belt or a trough, and at 
the end of this trough was wotind upon a roller. This arrangement wants no description, 
a£ it is generally known. I have seen it in use on the Continent. 

When a set of cards work together, any interruption or stoppage of a single carding 
engine causes a defect in the produce of the whole lap. Interruption occurred several 
times a day by the stripping of the main cylinder, and during this operation the 
missing band or sliver was supplied out of a can, being the produce of a single carding 
engine working into cans (a spare caid). The more objectionable defect was, however, 
the difference of the product of the carding engine after the main cylinder had been 
stripped ; the band or sliver from it will be thin and light until the cards of the main 
cylinder are again sufficiently filled with cotton, when the band will again assume its 
proper thickness. Another irregularity was caused by the stripping of the flats or top 
cards, but was not so fatal as the first one. These defects were of course a serious 
drawback in his system of working, the latter of which he provided {igainst in his first 
patent by stripping the top cards by mechanism ; the former, however, was only 
conquered by his invention of the self-strippers for the main cylinders ; thus the 
carding engine may now work from Monday morning till Saturday night without 
Interruption, the cylinders requiring only to be brushed out every evening; the con- 
sequence is, that much time is gained, and a very equal, clean, and clear product is 
obtained. Old carding engines to which he applied his feeders (see fig. 139), and main 
cylinder-clearers produce much superior work, and increase the production from 18 to. 
24 per cent. 

The main cylinder-clearer consists of a very light cast iron cylinder upon which 
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five, six, or. more sets of wire brnshes are fixed, which are caused to travel to and fro 
across the main cyliader ; the surface or peripher}' of the brushes overrunniog the 
surface or periphery of the main cylinder by 8 or 10 per cent., the brushes thus lifting 
the cotton out of the teeth of the cards of the main cylinder, and causing the dirt and 
lumps to fall. 

As the brushes are not above a quarter-inch in breadth, and travel to and fro, it is 
clear that no irregularity can take place in the fleece which comes from the doffer ; 
not more than 1 40th part of the breadth of the cylinder being acted upon at the same 
time. Figs. 140, and 141, give an idea of the clearer : the mechanism within the clearer, 
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Patents of 1838 and 1842. 

and by which the brushes, a, are caused to travel, is simple and solid. The mank 
cylinders for the carding engines are made of cast iron, the two sets of arms^nd rim 
are cast in the same piece ; when complete, they weigh 50 lbs. less than those made of 
wood. 

The new lap machine connected with these engines is almost self-acting ; a girl has 
only to turn a crank when the lap is full ; by this turn, the fall lap is removed and an 
empty roller put in its place, the band of cotton is cut, and no waste is made. 

Drawing Frame. — The drawing frame of 1824 was improved, and the improvements 
patented, in 1835, and others again in 1842. That of 1824 is known in Germany and 
France, and generally in use. The laps from the carding engine lap-machine are put 
upon delivering rollers, behind a set of drawing rollers, and from them delivered upon a 
belt or trough, and again formed into laps similar to those from the carding engines. 
Hie next operation formed the laps into untwisted rovings, and the next again into 
smaller untwisted rovings, or rovings with false twist in them, as infringed upon by 
Dyer. The false twist was rather objectionable, and in his patent of 1835 he put a 
number of rovings on the same bobbin, with left and right permanent twist in them. 
This does very well ; there is, however, a little objection to that place in which the 
twist changes from right to led when it comes to the last operation before spinning. 
In his patent of 1838, and particularly in that of 1842, he confined the left and right- 
hand twist to the drawing frame, when he converts two laps into one roving, and forms a 
roller or bobbin of 14 inches diameter and 15 inches broad, with six separate and twSsted 
rovings wound upon it. (See Jigs, 142 and 143.) The twist is given by tubes in two 
directions, so that it remains in it (see fig. 143), the tube turns in the same direction, 
while the roving advances 4 or 5 inches, and then turns in the other direction. These 
laps or bobbins are then placed behind a machine, which he calls a coil-frame, the most 
important arrangement of which he claimed already in his patent of 1835. It consists 
of a slot with a travelling spout, without which the coils can not be formed under pres- 
sure. Coiling in cotton can not be claimed, as it was done in the first system of cotton 
spinning. 

Coil Frame, — The bobbins (fig. 142), are placed behind this machine, and two ends 
from the bobbin are passed through the drawin? rollers and formed into one untwisted 
sliver or roving in the following manner: When the cotton has passed through the 
drawing rollers (see fig. 144), and calender rollers, A, it is passed through the tube,Q|> 
and the finger, C ; the spindle with its disc, D, revolves in such a proportion as to taVe 
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op- the cotton which proceeds from the calender rollers, A, and cause the rovings to be 
laid down in a spiral line dosely one by one, and as the rollers, A, work at a regular 
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speed, it is eyident that the motion of the finger, C, and the speed of the tube, B, must 
vary accordingly. The coil, £, is stationaiy, and is pressed by the lid or top, F, which 
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s^des up the spindle, G, made of tin plate. The cotton enters, through the slot, X, in 
fig, B. It is quite evident that the finger, C, and spindle, G, only perform one and the 
same varying motion, which is repeated at every fresh layer, and the coil is thus built 
from below; it is about 8 inches in diameter and 18 inches high when compressed, 
and contains 4| lbs. of cotton. Mr. Bodmer has several modes of forming these coils, 
but one only is shown here. These coils are placed behind the twist coil frames in half 
cans or partly open ones or troughs, or behind a winding machine, where they are wound 
upon rollers side by side, like the lap or bobbin shown in the drawing frame^ and 
placed behind the twist coil frame in this state. 

Twist Coil Frame, — This frame forms rovings into coils similar to those above 
explained, with this difl'erence, that the rovings are fine, say, from 1 to 10 hanks per 
pound, and regularly twisted : their diameter varies from 2i to 5 inches. The same 
machine produces rovings more or less fine, but the diameter of the coils dof| not differ. 
The diflference of this machine from that above described consists in the dimensions of 
their parts, and in its having the spindle, G, and the lid or top, F, revolving, as well as 
the tube, B. (See^g. 145.) In this machine the motion of the spindle, B, is uniform; 
the spindle, G, however, is connected by the bevel wheels, H and 1, with a differential 
motion at the end of the frame, with which the motion of the finger C, corresponds. The 
skew wheels, K and L, are connected with the drawing rollers, A. The speeds of the 
tube, B, and the spindle, G, are so proportioned, that while the spindle, G, performs one 
revolution, and therefore puts one twist into the roving, the tube, B, also performs one 
revolution, missing so much as will be required to pass through the slot in the cap or 
disc, D, and lay on it as much of the roving as proceeds from the rollers. A, and in 
which one twist is contained. Of course the twist of these rovings can be adapted to 
their fineness and varied ; but it is evident that, on account of the regularity of the 
machine and its simplicity of movement, the rovings can never be stretched, and much 
less twist can be put into them than can be put in the common fly frames. These coiJs 
are put behind the spinning machines on shelves or in small cans, open in front; or 
they are wound from 24 to 72 ends upon bobbins, and placed upon unlap rollers behind 
the spinning frames. 

Coiling Machine for Carding Engines and Drawing Frames, — These are simple 
machines, which may be applied to carding engines or drawing frames of any descrip- 
tion. They form large coils, 9 inches in diameter and 22 inches long, when on the 
machine. There are two spindles, a (see fig, 146), on each machine, for the purpose of 
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doflhigr without stopping the drawing frame or carding engines. When one coil is 
filled, the finger, b, is just brought oirer to the other spindle, so that the full coil is 
stopped, and the new one begins to be formed without the slightest interruption of the 
machine. 

Mr. B. forms coils in various ways, also in cans ; but this description is sufficient to 
show the application of this mode of winding up bands or rovings. Several of the above- 
described machines are adopted with equal success to wool and flax. In his patents of 
1835, 1837, and 1838, he shows several modes of applying his system to cotton and other 
machinery. He winds directly from the carding engines the slivers separately upon long 
bobbins, and he gives them twist in two directions, for the purpose of uniting the fibres 
to some extent, so that they not only come oH' the bobbins without sticking to one 
another, but also that they may draw smoother. He also showed a machine, by which 
several rovings, say 4 or more, are put upon the same bobbin with conical ends ; 
these bobbins are placed behind the mules or throstles, and are unwound by a belt or 
strap running parallel with the fluted rollers of the spinning machine, as seen in fig. 147. 
The belt or band, A, is worked in a similar way to that described in his former patent, 
and the bobbins, B, rest upon and revolve upon their surface, exactly according to the 
speed of the belt. It is quite evident that the whole set of rovings must be unwound 
exactly at the same speed, and that no stretching can take place. He can put real and 
reversed twist in these rovings as well as false twist only. The most important feature 
in the roving machine is a metal plate, in which a slot is formed through which the 
rovings pass j this slot is seen in figs, 148, 149, and 150. The cotton, when coming from 
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ijie drawing rollers, is passed through the twisters, C, and through the slot in the plate, D.' 
Thus he is enabled to put any convenient number of neatly formed and perfectly sepa- 
rate coils upon the wooden barrel or bobbin. The bobbin formed upon these machines 
is represented in fig, 151, and the conical ends are formed by a mechanism, by which 
the twisters, C, are caused to approach a little more to one another, after each layer of 
rovings has been coiled round the barrel : the section of the bobbin is therefore Uke 
that shown in^g. 151. He makes use of exactly the same arrangement, viz., a finger 
travellin? along a slot in a plate, for the purpose of forming the coils, which has been 
already described. 

Rovinsrs wound upon bobbins by means of tubes revolving in one direction, are cer- 
tainly not so fit for spinning as rovings into which a small degree of twist is put. The 
tube by which a twist is put in on one side and taken out at the other> curls or ruffles 
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the cotton, and causes it to spread out as it passes between the rollers, while rovlftiss 
with a little permanent twist in them are held together in the process of drawing, and 
thus produce smooth yarn. To remedy the evil above described, when untwisted roviogs 
.are used, he causes the spouts or guides, through which the rovings pass into or between 
the drawing rollers, to revolve slowly lirst in one, and then in the other direction, and 
thus puts a certain quantity of twist into the rovings while they are being prepared for 
spinning. Two modes of performins: this operation are clearly described in his patent 
of 1835. 

There is a little defect In the working of the rovings with reversed twist when too 
much or too little twist is put in them, or when the winding machine is not kept in good 
order. This defect proceeds from the change in the twist of the roving seen at A, 
yig. 152; in this place the twist is not like that at B, and it would, in some parts of the 

152 

A B 

yam^ be detected under circumstances just described. In cases where double rovings 
are used, the twisters are so arranged as to put the twist in the rovings, as shown in 
fig. 153 : in this case the reversing place of one roving meets the twisted place of the 
other, and the fault is completely rectified. 

153 
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The preceding description given an idea of Mr. Bodmer's admirable system of pre> 
paring and spinning cotton, wool, flax, &c., and of the several processes ; it would be 
superfluous to d^cribe the several machines, or the details of the same, as exhibited in 
his patents. 

In his patent of 1838, he specifies a self-actor, namely, a machine in itself, which 
can be attached to 2, 3, or even 4 mules of almost any convenient number of 
spindles. The mules are previously stripped of all their mechanism except the rollers 
and their wheels, the carriage and spindles ; all the other movements ordinarily com- 
bined with the mule are contained in the machine, which is placed between a set of 
mules, as seen in fig. 154; a and b, the self-actors, to each of which 3 mules are 

yoked, and which are connected by 
bands and shafts with the self-actor, 
or rather partly self-actor. A girl 
of fiAeen or sixteen years old stands 
at X between a and b, and never 
J leaves her place except, perhaps, for 
aiding in dofiing or in banding the 
spindles. The gearing of the room 
acts by means of straps upon the 
machines a and 6, and from these 
machines all the movements are 
given to the six mules, namely, the 
motion of the rollers, the spindles, 
the drawing out of the carriage, the 
after draA, &c. When the carriages 
are to be put up, the girl takes 
hold of two levers of the machine a, 
and by moving them in certain pro- 
portions, acts upon two cones and 
pulleys, and thus causes, in the most 
easy and certain manner, the car- 
riages to run in and the yarn to be 
wound on the spindles. The first 
machine Mr. B. made for this pur- 
pose was completely self-acting, but 
he found very soon that the me- 
chanism was more complicated and 
apt to go out of order than that of 
the above-described machine ; and 
OS it Is necessary to have a girl of a certain age to watch over the piecers for a certain 
number of mules, he preferred the simplified machine ; placing the girl near these 
machines, from whence the whole set of mules attached to the same can be overlooked 
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as the creels behind the mules are not wanted in his system, this impediment to the 
dght of the girl would be removed. He schemed these machines for the purpose of 
altering, at a trifling expense, the common mules into self-actors ; they are equally 
good for any numbers of yarn. 

Bastard Frame, — In his patent of 1838 and 1842, we find the description of a 
very simple bastard frame, namely, a throstle with mole spindles, forming cops, as seen 
in fig. 155, and wound so hard that they can be handled about without any danger of 
155 spoiling them ; in the same dimensions they contain one third 

more yarn than the best cops of self-actors. The machine is 
extremely simple; but owing to some circumstances in the 
construction of the winders and plates, he has not been able 
to spin advantageously upon large machines above No. 20^8. 
He has spun on it No. 56, and most beautiful yam. The quantity this machinery 
produces is nearly one third more than the best self-actor, on an equal number of 
spindles, and the yam and cops are much superior. Of course there is a copping 
motion connected with the machine : the winding, however, is continuous, as weU 
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Patents of 1838, and 1842. 

as the twisting, and figs, 156 and 157, will give the reader an idea of the frame. 
The yarn coming from the rollers. A, goes through an eye, B, to the wire, C, 
fixed in the flyer, D, and from thence on to the mule spindle, £ : as the spindle 
revolves the flyer is dragged along, and by its centrifugal power winds the yarn light 
upon the spindles. 
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SPIRITS. Correspondence between Specific Gravity and per Cents, over Proof at 60^ P. 



Specide 


Per Cent, 


Specific 


Percent. 


Specific 


Per Cent. 


Specific 


Per Cent. 


Gravity. 


Over Proof. 


Gravity. 


Over Proof. 


Gravity. 


Over Proof 


Gravity. 


Over Proof. 


0-88M 


670 


•8455 


•17 


•8748 


334 


•9056 


114 


•0I4O 


66-8 


•8459 


51-5 


•8751 


332 


•9060 


ll-I 


•B16S 


66-6 


•8463 


5J-8 


•8755 


889 


•9064 


10-8 


•8167 


66-5 


•8465 


511 


•8758 


38-7 


•9067 


10-6 


•8170 


663 


•8469 


509 


•6762 


32-4 


•9(»71 


lO-S 


^174 


661 


•8473 


507 


•8765 


32-2 


•9075 


10-0 


•8178 


65-6 


•8476 


50-5 


•8769 


380 


•9079 


9-7 


•8181 


658 


•8480 


503 


-8778 


317 


•9062 


0-4 


•8185 


65-8 


•8483 


501 


•8776 


315 


•9085 


98 


•8188 


655 


•8486 


49-9 


•8779 


31-8 


•9089 


89 


•8193 


65-3 


•8490 


49*7 


•8783 


810 


•9093 


86 


•81M 


651 


•8493 


495 


•8786 


308 


•9097 


83 


•8IM 


650 


•8496 


49'S 


•8790 


805 


•9000 


80 


•690S 


64 8 


•8499 


491 


-8793 


30-3 


•9104 


77 


•8SO0 


•4-7 


•8503 


489 


•8797 


800 


•9107 


7-4 


•8310 


645 


•8506 


48 7 


•8800 


89-8 


•9111 


7-1 


•6314 


643 


•8510 


48-5 


•8804 


895 


•9115 


6-8 


•8318 


641 


•8513 


483 


'8807 


893 


•9118 


6-5 


•8331 


640 


•8516 


480 


•8811 


890 


•9122 


6-8 


•8334 


63 8 


•8590 


47-8 


*8814 


888 


•9126 


59 


•8337 


636 


•8523 


47-6 


'8818 


885 


•9130 


56 


•8331 


63 4 


•8527 


47-4 


'8882 


883 


•9134 


53 


•8334 


63 8 


•8530 


47^8 


•8825 


880 


. •9137 


50 


•833d 


63.1 


•8533 


470 


•8839 


87-8 


•9141 


48 


•8843 


639 


•8537 


468 


'8833 


87-5 


•9145 


45 


•8345 


687 


•8540 


46 6 


•8836 


87-3 


•9148 


48 


•8349 


63-5 


•8543 


46-4 


•8840 


870 


•9152 


^9 


•8358 


683 


•8547 


46-3 


•8843 


268 


•9156 


86 


•8356 


62-8 


•8550 


460 


•8847 


265 


9159 


88 


•8359 


68*U 


•8553 


458 


'8850 


263 


•9163 


30 


•83ft3 


618 


•8556 


456 


'8854 


260 


»9I67 


8-7 


•8366 


616 


•8560 


45-4 


•8858 


258 


•9170 


84 


•8370 


61-4 


•8563 


453 


'8861 


25 5 


•9174 


8 1 


•8373 


61-3 


•8566 


450 


•8865 


25'3 


•9178 


1-9 


•8277 


611 


•8570 


44-8 


-8869 


250 


•9182 


1-6 


•8330 


609 


•8573 


446 


•8872 


24-8 


•9185 


1-8 


•8384 


60-7 


•8577 


444 


•8876 


24-5 


•9189 


10 


•8387 


60-5 


•8581 


448 


•8879 


24-3 


•9192 


07 


'sm 


604 


•8583 


43 9 


•8883 


240 


•9196 


0-3 


•8394 


602 


•8587 


43-7 


•8886 


23-8 


•9200 


Proof. 


•8398 


60-0 


•8590 


435 


•8890 


23-5 


Under 


Proof. 


•8i01 


59-8 


•8594 


43 3 


'8894 


232 


•9204 


0-8 


•8805 


59-6 


•8597 


43 1 


•8897 


230 


•9907 


06 , 


•8308 


59 5 


•8601 


48-8 


•8901 


22-7 


•9210 


09 


•8313 


59-3 


•8604 


48-6 


-8904 


225 


•9214 


13 


•8315 


591 


•8608 


484 


•8908 


82*2 


•9218 


16 


•8319 


58-9 


•8611 


42-8 


•8919 


81 '9 


9238 


1-9 


•8333 


68-7 


•8615 


48-0 


•8915 


81-7 


9226 


8-8 


•8346 


5«6 


•8618 


41-7 


•6919 


Si '4 


9229 


85 


•8339 


584 


•8tt29 


41 5 


•8928 


818 


•9233 


8-8 


•83?3 


58-3 




41 3 


•8926 


80-9 


9237 


31 


•8336 


580 


•8689 


411 


•892)0 


806 


•9841 


34 


•8340 


57-8 


•8638 


40-9 


•8033 


80-4 


•9244 


87 


•8344 


57 7 


•6636 


40-6 


•8937 


801 


•9248 


40 


•8347 


575 


•8639 


404 


•89)0 


199 


•9252 


4-4 


•8351 


573 


•8643 


408 


•8944 


19-6 


•9-255 


47 


•8354 


671 


•8646 


400 


•8918 


19-3 


•92.'>9 


50 


•8358 


56-9 


•8650 


39 8 


•8951 


19 1 


•9263 


58 


•8363 


568 


•8653 


395 


•8955 


18*8 


•9267 


57 


•8365 


566 


•8657 


393 


-8>.«59 


18'6 


•9270 • 


6-0 


•8369 


564 


•8860 


39 1 




18 3 


•9-274 


6*4 


•8373 


563 


•8664 


389 


•8966 


180 


•9278 


67 


•8376 


5tf0 


•8667 


38-7 


-6U70 


17-7 


•9282 


70 


•8J79 


55 9 


•8671 


38-4 


•8974 


17-5 


•9286 


73 


•8383 


557 


•8674 


388 


•8977 


17 8 


•9291 


77 


•83b6 


555 


•8678 


880 


•8981 


16'9 


•9-295 


80 


•83'JO 


55 3 


•8681 


37 8 


•89 5 


166 


•9299 


8-3 


•83tl3 


531 


•8685 


37-6 


•8989 


16-4 


•9302 


86 


•8396 


55-0 


•8688 ^ 


37 3 


•8992 


161 


•9306 


90 


•8400 


518 


•8698 % 


37 1 


•8996 


15-9 


•9310 


93 


•8403 


54-6 


-8695 


36-9 


•9000 


156 


•9314 


9-7 


•8407 


51-4 


•8rt99 


36 7 


•90i»4 


15-3 


•9318 


loo 


*84I0 


54 3 


•8708 


364 


•9008 


15 


•9328 


]f»^8 


•8413 


541 


•8706 


363 


•9011 


14 8 


•9326 


10 7 


•8417 


63-9 


•8709 


359 


•91)15 


14-5 


•9329 


110 


•84:20 


63-7 


•8713 


357 


•0019 


14-8 


•a333 


11-4 


•8 13 1 


53 5 


•8716 


35-5 


•90-23 


13 9 


•9337 


117 


•8447 


533 


•8720 


352 


•9026 


136 


•9.^41 


111 


•8131 


53 1 


•8733 


850 


•9030 


13-4 


•9345 


184 


•8434 


5*2 9 


•8727 


317 


•U034 


13 1 


•9.119 


1-26 


•8438 


5-27 


'8730 


34-5 


•9138 


12 8 


•9353 


131 


•6141 


525 


•8734 


343 


•9<l4l 


125 


•9357 


135 


•€445 


5-2-3 


•8737 


84 1 


•9045 


123 


•9360 


I3-6 


•6448 


531 


•8741 


836 


•9049 


130 


•9864 


Ht 


•6458 


619 


•6744 


836 


•9058 


117 


•9366 


14^6 



STAlAED GLASS. 



dii 









T^hle-'eontinued. 








Specific 


Per Cent. 


Specific 


Per Cent. 


Specific 


Per Cent. 


Specific 


Per Cent. 


Gravity. 


Under Prf. 


Gravity. 


Under Prf. 


Gravity. 


Under Prf. 


Gravity. 


Under Prf. 


•9378 


149 


•9580 


310 


•9685 


52-8 


•9846 


79-8 


•»37« 


153 


•9534 


314 


•9689 


539 


•9650 


79-8 


•9380 


157 


•9539 


311 


•9693 


533 


•9654 


60-4 


•9384 


160 


9548 


323 


•9697 


548 


•9858 


611 


•9388 


16-4 


•9546 


328 


•9701 


548 


•9863 


81-7 


•9S9S 


167 


•9550 


33-2 


•9705 


555 


•9866 


82^3 


•9396 


171 


•9553 


337 


•9709 


563 


•9670 


639 


•9399 


175 


•9557 


348 


•9713 


56-9 


•9674 


835 


•9403 


17-8 


•9561 


346 


•9718 


576 


•9878 


84^6 


•9407 


182 


•9565 


351 


•9722 


563 


•98(13 


84^6 


■9411 


185 


•9569 


356 


•9726 


590 


•9886 


653 


•9415 


189 


•9573 


361 


•9730 


59-7 


•9890 


85^8 


•9419 


193 


•9577 


366 


•9734 


60-4 


'9894 


863 


:X*^ 


19-7 


•9580 


• 371 


•9738 


611 


•9696 


86-9 


•9426 


30 


•9584 


376 


•9742 


61 8 * 


•9903 


« 


•9430 


20-4 


•9588 


381 


•9746 


625 


•9906 


•9434 


^ 208 


•9592 


386 


•9750 


63-3 


•9910 


685 


■9437 


21-2 


•9596 


391 


•9754 


639 


•9914 


89-1 


•9441 


216 


•9599 


396 


•9758 


646 


•9916 


89-6 


•9445 


21 9 


•9603 


401 


•9768 


65-3 


•9922 


90.8 


•9^48 


222 


•9607 


40-6 


•9766 


660 


■9926 


90^7 


•9453 


227 


•9611 


411 


•9770 


66-7 


•9930 


91 9 


•9456 


23^1 


•9615 


4«7 


•9774 


674 


•9934 


91-7 


•9460 


23-6 


•9619 


428 


•9778 


660 


•9936 


933 


9404 


239 


•9623 


42-8 


. ^9782 


687 


•9943 


926 


•9468 


24-3 


•9627 


433 


•9786 


694 


•9946 


933 


•9172 


247 


•9631 


43-9 


•9790 


701 


•9950 


938 


•9476 


25 1 


•9635 


44-4 


•9794 


70-6 


•9954 


94^3 


•9480 


25-5 


•9638 


450 


•9798 


71-4 


•9956 


949 


•9484 


25-9 


•9642 


45-5 


9802 


731 


•9963 


95-4 


•9488 


26-3 


•9646 


461 


•9806 


736 


•9966 


959 


•9492 


267 


•9650 


46-7 


»9810 


. 73-5 


•9970 


96.4 


•9496 


271 


-9654 


473 


•9814 


741 


•9974 


96-8 


•9*99 


27-5 


•9657 


479 


•9816 


. 74-8 


•9978 


973 


•9503 


280 


•9661 


48-5 


•9622 


' 754 


•9983 


977 


•9507 


28-4 


•9665 


49 1 


•9826 


761 


•9986 


96-2 


•9511 


28^8 


•9669 


497 


•9830 


76-7 


•9990 


96-7 


•9515 


29-2 


•9674 


50-3 


•9834 


773 


•9993 


991 


•9519 


29-7 


•9677 


510 


•9638 


780 


•9997 


91.6 


•9522 


301 


•9681 


516 


•9648 


78-6 


10000 


1000 


J -9526 


30-6 















STAINED GLASS. The blues of vitrified colors are all obtained from the oxide of 
cobalt. Cobalt ore (sulphuret) being well roasted at a daU red heat, to dissipate aU 
the sulphur and arsenic, is dissolved in somewhat dilute nitric acid, and after the addi- 
tion of much water to the saturated solution, the oxide J5 precipitated by carbonate of 
soda, then washed upon a filter, and dried. The powder is to be mixed with thrice its 
weight of saltpetre ; the mixture is to be deflagrated in a crucible, by applying a red 
hot cinder to it, then exposed to the heat of ignition, washed, and dried. Three parts 
of this oxide are to be mixed with a flux, consisting of white sand, borax, nitre, and a 
little chalk, subjected to fusion for an' hour, and then ground down into an enamel 
powder for use. Blues of any shade or intensity may be obtained from the above, by 
mixing it with more or less flux. 

The beautiful greenish yellow, of which color so many ornamenthl glass vessels have 
been lately imported from Germany, is made in Bohemia by the following process. Ore 
of uranium, (Jran-ochre, or Uran-gUmmer, in fine powder, being roasted, and dissolved 
in nitric acid ; the filtered solution is to be freed from any lead present in it, by the 
cautious addition of dilute sulphuric acid. The clear green solution is to be evapora- 
ted to dryness, and the mas* ignited till it becomes yellow. One part of this oxide is 
to be mixed with 3 or more ports of a flux, consisting of 4 parts of red lead and 1 of 
ground flints ; the whole fused together and then reduced to powder. 

Chrome Green, Triturate together in a mortar equal parts of chromate of potash and 
flowers of sulphur : put the mixture into a crucible and fuse. Pour o|it the fluid mass ; 
when cool, grind and wash well with water to remove the sulphuret of potash and to 
leave the beautiful green oxide of chrome. This is to be collected upon a filter, dried» 
mbbed down along with thrice its weight of a flux, consisting of 4 parts of red lead ana 
1 part of ground flints fused into a transparent glass ; the whole is now to be melted 
and afterward reduced to a fine powder. 

Violet, One part of calcined black oxide of manganese, one of zafire, ten parts tif 
w|iite glass pounded, and one of red lead, mixed, fused, and ground. Or gold purpNl 
(Cassius's purple precipitate) with chlorsilver previously fused, with ten times ittf 
weight of a flux, consisting of ground quartz, borax, and red lead, all melted together! 
QTy solution of tin being dropped into a large quantity of water^ solution of nitrate or 
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243 STARCH. 

silver may be first added, and then solution of gold in apta regia, ri pTJrsr r>rjr)o?- 
tions. The precipitate to be mixed with flux and fused. 

STARCH. In January, 1839, M. Pierre Isidore Verduer obtained n ylrnX for 
making starch, the chief object uf whkh was to obtain the gluten of the wher.c in a pure 
state, as a suitable ingredient in making bread, biscuits, &c. He works wheat flour 
into dough by a machine, kneads it, washes out the starch by streams of cold water, 
a process long known to the chemist, and purifies the starch by fermentation of the 
superjacent water. I can see nothing new in his specification. 

Mr. Jones's patent, of date April, 1840, is based upon the purification of the starch 
of rice and other farinaceous matters, by means of caustic alkalf. He macerates 100 
lbs. of ground rice in 100 gallons of a solution composed of 200 grains of caustic soda 
or potash to a gallon of water, stirs it gradually, till the whole be well mixed *, aAer 24 
hours, draws off the superjacent liquid solution of gluten in alkali, treats the starchy 
deposite with a fresh quantity of weak caustic ley, and thus repeatedly, till the starch 
becomes white and pure. The rice before being ground is steeped for sometime in a 
like caustic ley, drained, dried, and sent to the mill. 

Starch is made from wheat flour in a like way. The gluten may be recovered for use, by 
saturating the alkaline solution with sulphuric acid, washing and drying the precipitate. 

In June, 1841, Mr. W. T. Berger obtained a patent for manufacturing starch by the 
agency of an alkaline salt upon rice. He prefers the carbonates of potash and soda. 

Mr. James Colman, by his patent invention of December^ 1841, makes starch from 
ground maize or Indian corn, by the agency either of the ordinary process of steeping 
and fermenting, or of caustic or carbonated alkaline leys. He also proposes to em- 
ploy dilute muriatic acid to purify the starchy matter from gluten, &c. — See Newton^a 
Jaumaly C. S. xix. 246; xx. 184, 188; and xxi. 173. 

The manufacture of potato flour (fecule) or starch in France and Holland has been 
economized to such a degree that they supply this country with it, at the rate of 8«. or 
10«. a hundredweight. Fig* 158 represents in section the powerful and ingenious 




mechanical grater, or rasp (rape), now used in France : a a,is the canal, or spoat, 
along which the previously well-washed potatoes descend ; 6 6, is the grater, composed 
<tf a wooden cylinder, on whose round surface circular saw rings of steel, with short 
«harp teeth, are planted pretty close together. The greater the velocity of the 
cylinder the finer is the pulp. A cylinder 20 inches in diameter revolves at the rateof 
^rom 600 to 900 times in a minute^ and it will convert into pulp from 14 to 15 hecto- 
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litres (abont 300 ini]>eria] RaUons) of potatoes in an hour. Potatoes contain from 15 
to 22 per cent, of dry fecula. The pulp, after leaving the rasp, passes directly into the 
apparatus for the prepiration of the starch, c c, is a. wooden hopper for receiving the 
falling pulp, with a trap door, d, at bottom. £, is the cylinder-sieve of M. Etienne; 
/, a pipe ending in a rose spout, which delivers the water requisite for washing the pulp, 
and extracting the starch from it ; g g, a diaphragm of wire cloth, with small meshes, 
on which the pulp is exposed to the action of the brushes i i, moving with great speed, 
whereby it gives out its starchy matter, which is thrown out by a side aperture into the 
spout n. The fecula now fails upon a second web of fine wire-cloth, and leaves upon it 
merely some fragments of the parenchyma or ceDular matter of the potato, to be turned 
out by a side opening in the spout «. The sifting or straining of the starch likewise 
takes place through the sides of ihe cylinder, which consist also of wire-cloth ; it is 
collected into a wooden spout, m, and is thence conducted into the tubes o o, to be de- 
posited and washed. /?, is a metre-toothed wheel-work placed on the driving-shaft, and 
gives motion to the upright axis or spindle, q g, which turns the brushes, i i. 
STEARINE. Fig. 159, is a view of both the exterior and interior of the saponi- 




fying tun of a stearine factory; where the constituents of the tallow are combined with 
quicklime, by the intervention of water and steam; a, is the upright shaft of iron, 
turned by the bevel wheel above, in gear with another bevel wheel on the moving 
shaft, not shown in this figure. This upright shaft bears several arms d, furnished with 
large teeth. The tun is bound with strong hoops of iron, and its contents are heated by 
means of a spiral tube laid on the bottom, perforated with numerous holes^ and con- 
nected by a pipe with a high-pressure steam-boiler. 

Fig, 160, represents a longitudinal section of the horizontal hydraulic press for 
depriving stearic acid, as also spermaceti, of all their fluid oily impurities, a, is the 
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cylinder of the press ; 6, the ram or piston : f, t, t, t, hair and flann^d bags enclosing 
the impure cakes to be expos .^d to pressure; d, d, d^d, iron plates previously heated, 
and placed between every two cokes to facilitate the discharge of their oily matter; s^e, 
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idlid iron end of the press, made to resist great pressure ; it is strongly bolted to tke 
cylinder a, 90 as to resist the force of the ram ; g, g, iron rods, for bringing back the 
ram b, into its place after the pressure is over, by means of counter weights suspended 
to a chain, which passes over the pulleys h,.h ; i, i, a spout and a sheet-iron pan for re- 
ceiving the oily fluid. 

STEEL. One of the greatest improvements which this valuable modification of 
iron has ever received is due to Mr. Josiah M. Heath, who, aAer many elaborate and 
costly researches, upon both the small and the great scaled discovered that by the 
introduction of a small portion, 1 per cent., and even less, of carburet of manganese 
into the melting-pot along with the usual broken bars of blistered steel, a cast steel was 
obtained, aAer fusion, of a quality very superior to what the bar steel would have 
yielded without the manganese, and moreover possessed of the new and peculiar prop- 
erty of being weldable either to itself or to wrought iron. He also found that a 
common bar-steel, made from an inferior mark or quality of Swedish or Russian iron, 

would, when so treated, produce 
an excellent cast coal. One im- 
mediate consequence of this dis- 
covery has been the reduction of 
the price of good steel in the 
Sheffield market by from 30 to 40 
per cent., and likewise the manu- 
facture of table-knives of cast 
steel with iron tangs welded to 
them ; whereas, till Mr. Heath's 
invention, table-knives were ne- 
cessarily made of shear steel, with 
unseemly wavy lines in them, 
because cast steel could not be 
welded to the tangs. Mr. Heath 
obtained a patent for this and 
other kindred meritorious inven- 
tions on the 5th of April, 1839 ; 
but, strange and melancholy to 
say, he has never derived any 
thing from his acknowledged im- 
provement but vexation and loss, 
in consequence of a numerous . 
body of Sheffield steel manufac- 
turers having banded together to 
pirate his patent, and to baffle 
him in our complex law courts. 
I hope, however, that eventually 
justice will have its own, and the 
ridiculously unfounded pretences 
of the pirates to the prior use of 
carburet of manganese will be set 
finally at rest. It is supposed 
that fifly persons at least are em- 
barked in this pilfering conspiracy. 
The furnace of cementation in 
which bar-iron is converted into 
bar or blistered steel is represented 
infig*. 161, 162, 163. It is rect- 
angular and covered in by a 
groined or cloister arch : it con- 
tains two cementing chests^ or 
sarcophaguses, c, c, made either 
of fire-stone or fire-bricks : each 
is 2i^ feet wide, 3 feet deep, and 
12 long ; the one being placed on 
the one side, and the other on the 
other of the grate, a b, which 
occupies the whole length of the 
furnace, and is from 13 to 14 feet 

S^f^^h^°^tK^!L^!r'fv^^ below the infenvTr^plane orCttom\vVof^^ 
cUdto; ae height of the ti)|» of the arch above the chests is SJ feetj the bottom of the 
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diests 18 nearly on a kvel with the gronnd, so that the ban do not need to be lifted 
high in charging the furnace. The flame rises between the two chests, passes also 
below and round them through horizontal and vertical flues, d, and issues from the 
furnace by an opening, h, in the top of the. vault, and by orifices, t, which communicate 
with the chimneys placed in the angles. The whole is placed within a large cone of 
bricks, 25 or 30 feet high, and open at top ; this cone increases the draught, makes it 
more regular, and carries off the smoke away from the establishment. The furnace 
has three doors; two, t (fig, 162), above the chests, serve to admit and to remove the 
bars ; they are about 7 or 8 inches square ; in each of them a piece of sheet-iron is put, 
folded back on its edges ; upon which the bars are made to slide, so as to save the 
wall. A workman enters by the middle door, p, to arrange the bars ; the trial bars 
are taken out from time to time by the apertures, s {fig, 161), left in the sides of the 
chests. The bars are laid in strata, along with wood charcoal in powder, in the said 
chests ; they are about 3 inches broad, and one third of yan inch thick ; they must 
not be placed too near each other, lest they should get welded together ; the last or 
uppermost layer is covered with a stratum of loamy matter from 4 to 5 inches thick. 
The furnace must be gradually heated, not reaching its maximum temperature before 
8 or 9 days, and the cooling lasts 5 or 6 days ; the whole operation 18 or 20 days, and 
sometimes more, according to the quality of (he steel to be cemented. About 13 tons 
of coals are consumed in this period. It is of consequence that the refrigeration be 
slow, to favor the crystallization of the metal. The grain of the steel varies with the 
rate of cooling, the largest and whitest grain denoting the most fusible steel. 

STILL. The continuous system of distillation has been carried in France to a great 
pitch of perfection, by the ingenuity chiefly of M. Cellier Blumenthal, and M. Ch. 
Derosne. Fig, 164 is a general view of their apparatus ; a and b are boilers or alembios 

encased in brickwork, and re- 
ceiving directly the action of 
the flame playing beneath 
them; in the copper, a, the 
vinasse, or spent wine, is finaUy 
exhausted of all its alcohol, 
c, is the column of distillation ; 
D, the column of rectification; 
£, the wine-heating condenser ; 
F, the refrigerator j g, a vessel 
supplying vinasse to the cooler 
F, and feeding itself at the same 
time by means of a ball stop- 
cock placed in the vessel h; 
H, reservoir of vinasse ; i, tube 
of communication conducting 
the alcoholic vapors of the 
rectifying column, d, up into 
the flat worm of the wine- 
heater, e; a, stop-cock of dis- 
charge of the alembic, A ; when 
the operation goes on, the 
spent vifuisse runs off con- 
tinually by this stop-cock; 
b, a glass tube to show the 
height of the liquor in A ; c, a 
safety-valve; d, a stop-cock 
for passing the vinasse from 
the alembic, b, into the bottom 
of the alembic, a ; e, a tube 
to lead the alcoholic vapors, 
generated in a, into the bottom 
of B, which vapors, in passing 
through the liquor in b, heat it, 
and are partially condensed; 
/, glass tube to mark the levd 
of the liquor in b ; g, and g, level 
indicators; A, pipe conducting 
the vinasse from the lower part of the wine-heater, e, upon the uppermost of the series 
of horizontal discs, mounted within the column of distillation : t, a stop-cock for empty- 
ing the wine-heater at the end of an operation ; I, I, two tubes fitted to ihfi wine-hcater> 
K, of which the first descends into the last compartment of Uie rectifier, whence it ' 
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to the fifUi ; and the second tube descends to the third compartment, whence it rises above 
the second. At the curvature of each of these two tubes a stop-cock, /, and k, is placed 
on them, lor drawing at pleasure a sample of the liquor returned to the rectifier ; to, n, 
and 0, are tubes conmiunicating on one side with the slanting tube, p, and on the other 
with the tube /. These three communications serve to furnish a spirit of greater or 
less strength. Thus if it be wished to obtain a very strong spirit, the alcoholic vapors 
which condense in the worm enclosed in £, are all to be led back into the rectifier, d, 
to eflfect which purpose, it is requisite merely to open the stop-cocks, n and o ; again, 
weaker spirits may be had by closing the stop-cock, o, and still weaker by closing the 
stop-cock n; for in this case, the alcoholic vapors condensed in the worm within e, 
will flow off into the worm within the upright cooler f, and will get mixed with the 
richer vapors condensed in this refrigeratory. The interior' of the columns c, contains 
a series of movable concave scale pans (like those of balances)^ with spaces between, 
each alternate pan having the convex side turned reversely of the preceding one, for the 
purpose of prolonging the cascade descent of the vinasse through c, and exposing it more 
to the heating action of the ascending vapors ; the edges of these pans are, moreover, 
furhished with projecting spiculse of copper wires, to lead off the liquor from their 
surfaces in a fine shower. The interior of the rectifier column, d, is mounted with a 
series of shelvesyor floors, the passage from one compartment to that above it being 
through a short tube, bent at right angles, and open at either end ; /?,/>,/>, is a general 
tube, for receiving the vapors condensed in each of the turns of the large serpentine 
within E. The axis of this worm is horizontal i q, q q, peep-holes in the lop of the 
wine-heater ; r, a tube to conduct the alcoholic vapors not condensed in the worm of 
£, and also, if desired, those which have been condensed there, into the worm of the 
refrigeratory, r j », a tube to bring the vinasse from the reservoir, g, into the lower part 
of the cooler, f ; ^, a tube to lead the vinasse from the upper part of the cooler, f, into 
the upper part of the wine-heater, e ; tt, a funnel ; v, a stop-cock to feed the tube, t, 
with vinasse ; x, a tube of outlet for the spirits produced ; it ends, as shown in the figure, 
in a test tube containing an hydrometer. 
The still of Laugier is represented by a general view in^g. 165 : A and b are alembics 




exposed to the direct action of the fire, and serve a like purpose to those of^g. 164 ; c, 
is a cylinder containing the rectifier, and serving as a wine-heater ; p, is the condensing 
cylinder; a, a stop-cock conmiunicating with the wine tunj 6, a plunger-tube, fur- 
nished with a funnel, through which wine runs constantly into the condenser, d ; c, an 
overflow pipe of d, between c and d, communicating by a tube, dipping in the cylinder, 
c; d, a plunger equilibrium tube, supplying the alembics with hot wine; <?, a tube 
leading the vapors of the fij-st alembic, a, into the second one, b, into which it dips ; 
• 
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/, a tube conducting the vapors of alcohol from the alembic, b, into the circles of the 
rectifier ; g, a tabe bringing back into the alembic, b, the vapors condensed in the cir- 
cles of the rectifier; h, a tube conducting the vapors not condensed into the worm of' 
the condenser; i, a tube serving for the expulsion of the air when the wine comes intc 
the vessel, c ; it communicates with the tube, h, so as not to lose alcohol, j, is a pro* 
longation of the tube d, conmiunicating with the tube h, so that it may be in contaci 
with the external air ; /, a stop-cock through which the alcohol condensed runs off intc 
the serpentine; m, levels, indicating the height of the liquor in the alembics, A and b; 
», tube with a stop-cock, for feeding the alembic A; o, discharge stop-cock' of the speni 
vinasse (wash). 

A description of the operation of the first still will render that of the second intelli* 
gible. * 

The alembic a, being filled three fourths with vinasse, and b havings only 4 or 5 inchet 
of vinasse over its bottotn, the' liquor in A is made to boil, and the stop-cock, r, being 
at the same time opened, some of the wine to be distilled is allowed to fall into the fun- 
nel, « ; this cold liquor runs to the bottom of the cooler, f, fills it, passes into the wine- 
heater by the tube /, spreads into a perforated conduit along the top of e, thence trickle* 
down into this vessel till it fills it to the level of the tube A, by which it is conducted 
into the column, c, and, flowing down through all its compartments, it falls at last into 
the second alembic, b. 

During this progress, the liquor of A having begun to boil, the alcoholic vapor passesi 
by means of the- tube e, e, into the second alembic, b, which, being heated by those va> 
pors, and by the products of combustion issuing from the fireplace under the first alem- 
bic, is also soon made to boil. The vapor which it produces is disengaged into the col- 
umn of distillation c, meets there the wine which trickles through all its compartments, 
transfers to it a portion of its heat, and deprives it of alcohol, goes into the column d, 
where it is alcoholized afresh, then enters into the worm within the wine-heater b^ 
glides through all its windings, gets stripped in part of the aqueous vapors which ao» 
companied the alcohol, and which return first by the tube p, p, then by I, Z, into th< 
column of rectification ; afterward the spirituous vapor passes into the worm enclosed 
in the cooler f, to issue finally condensed and deprived of all the water wished to bt 
taken from it, by the tabe x, into the gauge receiver. 

When the indicator/, of the alembic b, shows it to be nearly full, the stop-cock a of 
the alembic a is opened, and the vinasse is allowed to run out entirely exhausted of 
spirit ; but as soon as there are only seven inches of liquor above the discharge pipe 
the cock a is shut, and d is opened to run off seven inches of liquor from b. 

It appears, therefore, that in reference to the discharge, the operation is not quite 
continuous ; but this slight interruption is a real improvement introduced by M. Derosne 
into the working of M. Blumenthal's apparatus. It is impossible for any distiller, how* 
ever expert, to exhaust entirely the liquor of the last alembic, if the discharge be not 
stopped for a short lime. The above distilling apparatus requires from two to three 
hours to put it in full action. From 10 to 15 per cent, of spirit of | are obtained from 
the average of French wine ! and 600 litres of such spirit are run off with 150 kilo- 
grammes of coals ; or about two old English quarts of spirit for each pound of coals. 

STONES, for building, and bricks, may be proved as to their power of resisting the 
action of frost, by the following method, first practised by M. Brard, and afterward by 
MM. Vicat, Billaudel, and Coarad, engineers of the bridges and highways in France. 
The operation of water in congealing within the pores of a stone may be imitated by 
the action of a salt, which can increase in bulk by a cause easily produced ; such as 
eflSorescence or crystallization, for example. Sulphate of soda or Glauber's salt an- 
swers the purpose perfectly, and it should be applied as follows : — 

Average samples of the stones in their sound state, free from shakes, should be sawed 
into pieces 2#or 3 inches cube, and numbered with China ink or a graving tool. A 
large quantity of Glauber's salt should be dissolved in hot water, and the solution 
should be left to cool. The clear saturated solution being heated to the boiling point in 
a saucepan, the several pieces of stone are to be suspended by a thread in the liquid for 
exactly one half-hour. They are then removed and hung up each by itself over a ves- 
Bel containing some of the above cold saturated solution. In the course of 24 hours, if 
the air be not very damp or cold, a white efilorescence will appear upon the stones. 
Each piece must be then immersed in 'the liquor in the subjacent vessel, so as to cause 
the crystals to disappear, be once more hung up, and dipped again whenever the dry 
efflorescence forms. The temperature of the apartment should be. kept as uniform as 
possible during the progress of the trials. According to their tendency to exfoliate by 
frost, the several stones will show, even in the course of the first day, alterations on the 
edges and angles of the cubes; and in 5 days after effloresence begins, the result will 
be manifest, and may be estimated by the weight of disintegrated fragments, compared 
to the known weight of the piece in its original state, both taken equally dry. 
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STREAM-WORKS. The name given by the Cornish miners to allnvial deposites 
«f tin ore, usually worked in the open air. , 

STRINGS. The name given by the Cornish miners to the small filamentous ramifi- 
cations of a metallic vein. 

SUGAR. The recent researches of the eminent French chemist, M. Casaseca^ upon 
cane-juice at Havana, in Cuba, have demonstrated clearly the enormous loss which 
sugar-planters suffer by the imperfection of their manufacturing processes. His re- 
sults confirm those previously obtained by M. Peligot in Paris, and show that cane- 
juice evaporated in vacuo at the atmospheric temperature, yields, in 100 parts : — 
Crystalline white sugar ----- 20*94 

Water - - - ... . . - 78-80 

Mineral substances - - - - - -0*14 

Orgaiuf^matter, different from sugar - . - - 0*12 

100*00 
The cane from which the above was drawn is called canade la iierra in Cuba. The 
juice of the Otaheite cane is identical with the preceding. But the t)roportions of lig- 
neous fibres in the two canes are very different ; that of la iierra containing, according 
to M. Casaseca, 16*4 per cent., while that of Otaheite contains only 10. Other canes, 
however, differ in this respect considerably from these two varieties. The average 
quantity of grained sugar obtained from cane-juice in our colonial plantations is proba- 
bly not more than one third of the quantity of crystalline sugar in the juice which they 
boil. 

The following analysis of cane-juice, performed by a French chemist, was given me 
by Mr. Forstall of New Orleans. In 10 English gallons, of 231 cubic inches each, of 
juice marking 8^ Baume, there are Sf ounces English of salts, which consist of — 

Sulphate of potash - . . 17*840 grammes^ 15*44 grains each. 

Phosphate of potash - - - 16*028 

Chlorure of potassium - - - 8*355 

Acetate of potash - - - 63*750 

Acetate of lime - - - - 36*010 

Gelatinous silica - - - . 15*270 



157*253=5*57 ounces avoirdupois. 

To the large proportion of deliquescent saline matter, of which one half, he says, re- 
mains in the sugar, the analyst ascribes very properly the deliquescence and deteriora- 
tion of the sugar when kept for some time or transported. It was prctbably the juice 
of the cane grown in the rich alluvial soil of Louisiana, and therefore more abundant 
in saline matter than the average soil of our West India islands. The Demerara cane- 
juice has perhaps the above saline constitution, as it suffers much loss of weight by 
drainage in the home voyage. 

SUGAR OF POTATOES, GRAPES, or STARCH. About two years ago a sam- 
ple of sweet mucilaginous liquid was sent to me for analysis, by the honorable the 
commissioner of customs. It was part of a qnanity imported in casks at Hull, from 
Rotterdam. It was called by the importers, " Vegetable Juice." I found it to be im- 
perfectly saccharified starch or fecula ; and, on my reporting it as such, it was admit- 
ted at a moderate rate of duty. 

Three months since I received a sample of a similar liquid from, the importer at Hull, 
with a request that I would examine it chemically. He informed me that an importa- 
tion just made by him, of 30 casks of it, had been detained by orders of the excise, till 
the sugar duty of 26s. per cwt. of solid matter it contained was paid upon it. It was 
of specific gravity 1*362, and contained 80 per cent, of ill-saccharified fecula. 

In the interval between the first importation and the second, an act of parliament had 
been obtained for placing every kind of sugar, from whatever material it was formed, 
under the provisions of the " Beet-root Sugar Bill." As the saccharomeler tables, sub- 
servient to the levying of the excise duties, under this act, were constructed by me, at 
.the request of the president of the board of trade, I well knew that*50 per cent, of the 
syrup of the beet-root was deducted as a waste product, because beet-root molasses is 
too crude an article for the use of man. Well saccharified starch paste, however, con- 
stitutes a syrup, poor indeed in sweetness when compared with cane syrup, or that of 
the beet-root ; but then it does not spontaneously blacken into molasses, by evapora- 
tion, tis solutions of ordinary sugar never fail to do when they are concentrated, even 
with great care. Hence the residuary syrups of saccharified fecula may be all worked 
up into a tolerably white granular mass, which, being crushed, is used by greedy gro- 
wers to mix with their dark-brown bastard sugars, to improve their color. 

It is only within two years that sugar has been in this country manufactured from 
potato starch to any extent, though it has been long an object of commercial enterprise 
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in France, Belgiom, and Holland, where the large coarse potatoes are nsed for this 
purpose. The raw material must be very cheap there, as well as the labor ; for potato 
flour or starch, for conversion into sugar, has been imported from the continent into 
this country in large quantities, and sold in London at the low price of lOs, per cwt. 

The process usually followed by the potato-sugar makers, is to mix 100 gallons of 
boiling water with every 112 lbs. of the fecula, and 2 lbs. of the strongest sulphuric 
acid. This mixture is boiled about 12 hours in a large vat, made of white deal, having 
pi[ies laid along its bottom, which are connected with a high pressure steam-boiler. 
After being thus saccharified, the acid liquid is neutralized with chalk, filtered, and 
then evaporated to the density of about 1300, at the boiling temperature, or exactly 
1*342, when cooled to 60^. When syrup of this density is left in repose for some days. 
it concretes altogether into crystalline tufts, and forms an apparently dry solid, of spe- 
dfic gravity 1-39. When this is exposed to the heat of 220^, it fuses into a liquid 
nearly as thin as water ; on cooling to 150^, it takes the consistence of honey, and at 
100° F. it has that of a viscid varnish. It must be left a considerable time at rest be- 
fore it recovers its granular state. When heated to 270°, it boils briskly, gives off one 
tenth of its weight of water, and concretes, on cooling, into a bright yellow, brittle, bat 
very deliquescent mass, like barley sugar. If the syrup be concentrated to a much 
greater density than 1*340, as to 1*362, or if it be left faintly acidulous, in either case 
it will not granulate, but will remain either a vbcid magma or become a concrete mass, 
which may indeed be pulverized, though it is so deliquescent as to be unfit for the 
adulteration of raw sugar. The Hull juice is in this predicament, and is therefore, in 
my opinion, hardly amenable to the new sugar law, as it can not by any means be 
worked up into even the semblance of sugar. 

Good Muscovado sugar, from Jamaica, fuses only when heated to 280^, but it turns 
immediately dark brown^ from the disengagement of some of its carbon, at that ten»- 
perature, and becomes, in fact, the substances called " caramel" by the French, which 
is used for coloring brandies, white wines, and liqueurs. 

Thus we see that starch or grape-sugar is well distinguished from cane-sugar, by its 
fusibility, at a moderate heat, and its inalterability at a pretty high heat. Its sweet- 
ening power is only two fifths of that of ordinary sugar. A good criterion of incom- 
pletely formed starch-sugar is, its resisting the action of sulphuric acid, while perfectly 
saccharified starch or cane-sugar is readily decomposed by it. If, to a strong solution 
of imperfectly saccharified grape-sugar, nearly boiling hot, one drop of 'strong'sulphuric 
acid be let fall, no perceptible change will ensue, but if the acid be dropped into solu- 
tions of either of the other two sugars, black carbonaceous particles will make their 
appearance. 

The article which was lately detained by the Excise, for the high duties, at Hull, is 
not affected by ^ulphuric acid, like the solutions of cane-sugar, and of the well-made 
potato-sugar of London ; and for this reason I gave my opinion in favor of admitting 
the so-called vegetable juice at a moderate rate of duty. 

I submitted the solid matter, obtained by evaporating the Hull juice, to ultimate 
analysis, by peroxide of copper, in a combustion tube, with all the requisite precau- 
tions, and obtained, in one experiment, 37 per cent, of carbon; and in another 38 per 
cent., when the substance had been dried in an air bath, heated to 275°. The differ- 
ence to 100, is hydrogen and oxygen, in the proportion to form water. Now this is 
nearly the constitution of starch. Cane-sugar contains about 5 per cent, more carbon, 
whereby it readily evolves this black element, by the action of heat or sulphuric acid. 

An ingenious memoir, by Mr. Trommer, upon the distinguishing criteria of gum, 
dextrine, grape-sugar, and cane-sugar, has been published in the 39th volume of the 
" Annalen der C hemic und Pharmacie." I have repeated his experiments, and find 
them to give correct results, when modified in a certain way. His general plan is to 
expose the hydrate of copper to the action of solutions of the above-mentioned vege- 
table products. He first renders the solution alkaline, then adds solution of sulphate 
of copper to it, and either heats the mhture or leaves it for some time in the 
cold. By pursuing his directions, I encountered contradictory results ; but, by the 
following method, I have secured uniform success, in applying the criteria, and have 
even arrived at a method of determining, by a direct test, the quantity of sugar in 
diabetic urine. 

I dissolve a weighed portion of sulphate of copper in a measured quantity of water, 
and make the solution faintly alkaline, as tested with turmeric paper, by the addition 
of potash ley, in the cold ; for if the mixture be hot, a portion of the disengaged 
green hydrate of copper is converted into black oxide. This mixture being always 
agitalted before applying it, forms the test liquor. If a few drops of it be introduced 
into a solution of gum, no change ensues on the hydrate of copper, even at a boiling 
heat, which shows that a gummate of copper is formed, which resists decomposition : 
but the cupreous mixture, without the gum, is rapidly blackened at the boiling tem- 
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perature. I do not find that the gumznate is redissolved by an excess of water, as 
Trommer affirms. 

Starch and tragacants comport like gum, in which respect I agree with Trommer. 
Starch, however, possesses already a perfect criterion, iD iodine water. Mr. Trommer 
says, that solution of dextrine affords a deep glue-colored liquid, without a trace of 
precipitate; and that when his mixture is heated to 85^ C, it deposites red grains of 
protoxide of copper, soluble in muriatic acid. I think these phenomena are dependant, 
in some measure, upon the degree of alkaline excess in the mixture. I find, the solu- 
tion of dextrine, treated in my way, hardly changes in the cold ; but when heated 
slightly, it becomes green, and by brisk boiling an olive tint is produced. It thus be- 
trays its tendency of transition into sugar. ^ 

Solution of cane-sugar, similarly treated, undergoes no change in the cold at the end 
of two days; and very little change of color even at a boiling heat, if not too concen- 
trated. Cane-sugar, treated by Trommer in his way, becomes of a deep blue ; it can 
be boiled by potash in excess, without any separation of orange-red oxide of copper. 

Starch or grape-sugar has a marvellous power of reducing the green hydrate of 
copper to the orange oxide. I find, however^ that it will not act upon the pure blue 
hydrate, even when recently precipitated ; it needs the addition, in every case, of a 
small portion of alkali. Yet ammonia does not seem to serve the purpose ; for, in 
using the ammonia-sulphate of copper, in solution, I obtained unsatisfactory results 
with the above vegetable products. 

The black oxide of copper is not affected by being boiled in solution of starch-sugar. 

" If solution of grape-sugar,*' says Trommer, " and potash, be treated with a solution 
of sulphate of copper, till the separated hydrate is redissolved, a precipitate of red 
oxide will soon take place, at common temperatures, but it immediately forms, if the 
mixture is heated. A liquid containing ^__i__- of grape-sugar, even one millionth 
part," says he, " gives a perceptible tinge (orange), if the light is let fall upon it.*' To 
obtain such a minute result, very great nicety must be used in the dose of alkali, which 
I have found it extremely difficult to hit. With my regulated alkaline mixture, how- 
ever, I never fail of discovering an exceedingly small proportion- of starch-sugar, even 
when mixed with Muscovado sugar; and thus an excellent method is afforded of de- 
tecting the frauds of the grocers. 

I find that manna deoxidizes the green hydrate of copper slowly when heated, but 
not nearly to the same extent as grape-sugai-, which reduces it rapidly to the orange 
oxide. 

If an excess of the hydrate of copper test be used, there will he a deposite of green 
hydrate at the bottom of the vessel, under the orange oxide. 

To apply these researches to the sugar of diabetic urine : This should first be 
boiled briskly to decompose the urea, an() to- dissipate its elements in the form of am- 
monia, as well as t6 concentrate the saccharine matter, whereby the test becomes more 
efficacious. Then add to the boiling urine, in a few drops at a time, the cupreous 
mixture, containing a known quantity of sulphate of copper, till the whole assumes a 
greenish tint, and continue the heat until the color becomes bright orange. Should 
it remain green, it is a froof that more hydrate of copper has been introduced than has 
been equivalent to the deoxidizing power of the starch-sugar. I have found that one 
grain of sulphate of copper in solution, supersaturated very slightly with potash, is de- 
composed with the production of orange protoxide, by about 3 grains of potato-sugar; 
or, more exactly, 30 parts of the said sulphate, in the state of an all^aline hydrate of 
copper, pass altogether into the state of orange oxide, by means of 100 parts of granular 
starch-sugar. Thus, fcr every 3 grains of sulphate so changed, 10 grains of sugar 
may be estimated to exist in diabetic urine. 

Acetate of copper may be used in the above experiments, but it is not so good as the 
sulphate. The chloride of copper does not answer. 

Specific gravity is also an important criterion, applied to sugars ; that of the cane 
and beet-root is 1'577; that of starch-sugar, in crystalline tufts, is 1-39, or perhaps 
1'40, as it varies a little with its state of dryness. At 1*342, syrup of the cane contains 
70 per cent, of su^ar; at the same density, syrup of starch-sugar contains 76§ per cent, 
of concrete matter, dried at 260^ F., and therefore freed from the 10 per cent, of 
water which it contains in the granular state. Thus, another distinction is obtained 
between the two sugars, in the relative densities of their solutions, at like saccharine 
contents per cent. 

SULPHATE OF AMMONIA. This salt, now so extensively used in preparing 
artificial manures and imitations of guano, for farmers, is made of great purity, and at 
an economical rate, by the patent process of Mr. CroU, described under the article 
Gas. A mixture of 10 per cent, of this sulphate with 20 of bone-dust, seme gypsum^ 
and farmyard manure, will form a very fertilizing compost, applicable to a great 
variety of soils. 
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SULPHURIC ACID. A valuable improvement of the process for mannfactiiriiig 
this fundamental chemical agent has been lately contrived by M. Gay Lnssac, and 
made the subject of a patent in this country by his agent M. Sautter. It consists in 
causing the wast^gas of the vitriol chamber to ascend through the chemical cascade of 
M. Clement DeKnes, and to encounter there a stream of sulphuric acid of specific 
gravity 1*750. The nitrous acid gas, which is in a well-regulated chamber always 
slightly redundant, is perfectly absorbed by the said sulphuric acid; which, thus im- 
pregnated, is made to trickle down through another cascade, up through which passes 
a current of sulphurous acid, from the combustion of sulphur in a little adjoining 
chamber. The condensed nitrous acid gas is thereby immediately transformed unto 
nitrous gas (deutoxide of azote) which is transmitted from this second cascade into the 
large vitriol chamber, and there exercises its well-known reaction upon its aeriform 
contents. The economy thus effected in the sulphuric acid manufacture is such that 
for 100 parts of sulphur 3 of nitrate of soda will suffice, instead of 9 or 10 as usually 
consumed. 

Upon the formation of sulphated nitrous gas (N Os, 3 S 03, 2 H 0), and its com- 
bination with oil of vitriol, the manufacture of hydrated sulphuric acid is founded. 
Either sulphur is burned in mixture with about one ninth of saltpetre ; whence along 
with stilphurous acid gas, nitrous oxide gas is disengaged, while sulphate of potash 
remains ; thus K O, N 0» -f S = S 03 -h N 0«, K O. 2. Or, nitric acid in the fluid or 
vaporous form may be present in the lead-chamber, into which the sulphurous acid 
gas passes, in consequence of placing in the flames of the sulphur a pan, charged with 
a mixture of sulphuric acid and nitre or nitrate of soda. This nitric acid being 
decomposed by a portion of the sulphurous acid, there will result sulphuric acid and 
nitrous gas. By the mutual reaction of the sulphurous and nitric acids, sulphuric 
acid and nitrous gas will be produced: N O^ +3 S O =N O2 + 3 S 03. 3. Or, 
by heating sugar or starch with nitric acid, the mixture of nitrous gas and nitrous 
acid vapor which results, may be thrown into the chamber among the sulphurous 
acid. In any one of these three cases, sulphurous acid gas, nitrous acid vapors (pro- 
ceeding from the mixture of nitrous oxide and atmospherical oxygen) and steam are 
mingled together ; whence arises the crystalline compound of sulphated nitrous oxide 
with sulphuric acid, which compound subsides in white clouds to the bottom of the 
chamber, and dissolves in the dilute oil of vitriol placed there, into sulphuric acid, 
with disengagement of nitrous gas. This'gas now forms, with the remaining atmo- 
spherical oxygen, nitrous acid vapors once more, which condense a fresh portion of 
sulphurous acid gas into the above crystalline compound; and thus in perpetual 
alternation. 

Sulphurous acid gas does not act upon nitrous gas, not even upon the nitrous acid 
vapor produced by the admission of oxygen, if water be absent ; but the moment that 
a little steam is admitted, the crystalline compound is condensed. The presence of 
much sulphuric acid favors the formation of the sulphated nitrous gas. These crystals 
are decomposed by tepid water with disengagement of nitrous gas, which seizes the 
oxygen present and becomes nitrous acid (hyponitric of many chemists). 



TEA. This well-known plant has recently acquired peculiar interest among men 
of science, both in a chemical and physiological point of view. In its composition it ap- 
proaches by the quantity of azote it contains to animalized matter, and it seems thereby 
qualified, according to Liebig, to exercise an extraordinary action on some of the func- 
tions of animals, especially the secretion of bile. The chemical principle characteristic 
of tea, coffee, and cocoa-beans, is one and the same when equally purified, from which- 
ever of these substances it is extracted ; and is called indifferently either iheine or 
caffeine. Mulder takes it from tea, by treating the evaporated extract by hot water, 
with calcined magnesia, filtering the mixture, evaporating to dryness the liquor which 
passes through, and digesting the residuum in ether. This solution being distilled, 
the ether passes over, and the theine remains in the retort. This principle is extracted 
in the same way from ground raw coffee and from guarana, a preparation of the 
seeds cfpaullinia, highly valu«iJ''bf the Brazilians. Theine, when pure, crystallizes 
in fine glossy needles, like white silk, which lose, at the heat of boiling water, 8 per 
cent, of their weight, constituting its two atoms of water of crystallization. These 
needles are bitter tasted. They melt at 350- F., and^«ublime at 543° without decom- 
posing. The crystals dried at 250° dissolve iii S?- l^rts of cold water, 97 of alcohol, 
and i94 parts of ether. In their ordinary s^i they are but little more soluble 
in these menstrua. Theine is a feeble base, aiitd is precipitable by tannin alone frwn 
its solution. 
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Mr. Stenhonse prepares theine by precipitatiog a decoGtioQ of tea with solution of 
acetate of lead, evaporating the filtered liquor to a dry extract, and exposing this 
extract to a subliming heat in a shallow iron pan, whose mouth is covered flatly with 
parous paper luted round the edges, as a filter to the vapor, and ^hnounted with a 
cap of compact paper, as a receiver to the crystals. In this way^e obtained, at a 
maximum, on]y 1-37 from 100-00 of tea. But M. Peligot, from the quantity of 
azote amounting to about 6 per cent., which he found in the tea leaves, being led to 
believe that much more theine existed in them than had hitherto been obtained, adopted 
the following improved process of extraction. To the hot infusion of tea, subacetate 
of lead and then ammonia were added ; through the filtered liquor a current of sul- 
phureted hydrogen was passed to throw down all the lead, and the clear liquid being 
evaporated at a gentle heat afforded, on cooling, an abundant crop of crystals. By re- 
evaporation of the mother liquor, more crystals were procured, amounting altogether 
10 from 5 to 6 out of 100 of tea. 

The composition of theine may be represented by the chemical formula, C*, H*, N«, 
0« ; whence it appears to contain no less than 29 per cent, of nitrogen or azote. 
Peligot found, on an average-, in 100 parts of— 

Puts soluble in boiling Water. 
Dried black teas - - - - - . 43-2 

green teas ------ 47-1 

Black teas, as sold - - - - - 3^-4 

Green teas, ditto - - - - - -43-1 

Tea, by Mulder's general analysis, has a very complex constitution; 100 parts 
contain — 

Essential oil (to which the flavor is due) - 
Chlorophyle (leaf-green matter) - - - 

Wax 

Resin ------ 

Gum ------ 

Tannin ------ 

Theine - - '- 

Extractive matter - - 

Do. dark-colored - * - 
Colorable matter separable by muriatic acid 
Albumine ------ 

Vegetable fibre - - - - - 

Ashes 

Since the proportion of azote in theine and caffeine is so much greater than even in 
any animal compound, urea and uric acid excepted, and since so many different nations 
Jiave been, as it were, instinctively led to the extensive use of tea, coffee, and chocolate 
or cocoa, as articles of food and enlivening beverage, which agree in no feature or 
property, but in the possession of one peculiar chemical principle, we must conclude 
that the constitution of these vegetable products is no random freak of nature, but that 
it has been ordained by Divine Wisdom for performing beneficial effects on the human 
race. Hitherto, indeed, medicine, a conjectural art, exercised too much by men super- 
ficially skilled in the science of nature, and the slaves or abettors of baseless hypotheses, 
has laid tea and coffee generally under its ban, equally infallible with the multitude, 
as that of the pope in the olden time, and has denounced their use, as causing a variety 
of nervous and other nosological maladies. But chemistry, advancing with her un- 
quenchable torch into the darkest domains of nature, has now unveiled the mystery, 
and displayed those elemental transformations of the organic functions in the human 
body, to which tea and coffee contribute a salutary and powerful aid. 

Liebig, in his admirable researches into the kingdoms of life, has been led to infer 
that the bile is one of the products resulting from tl^e decomposition of the animal 
tissues, and that our animal food may be resolved by the action of oxygen, so amply 
applied to the lungs in respiration, into bile and urea, the characteristic constituent of 
urine. 

When the consumption of tissue in man is small, as among mankind in the artificial 
state of life^ with little exercise and consequently languid digestion, assimilation, and 
decomposition, the constant use of substances rich in azotized compounds, closely anal- 
ogous to the chief principle of the bile, must assist powerfully in the production of this 
aeevetion, so essential to the healthy action of the bowels and other organs. Liebig 
has fully proved that the bile is not an excrementitious fluid, merely to be rejected, •$ 

* This constituent is obviously much underrated. 
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H prejudicial inmate of the sjrstem, bat that it deserves, after secretion, some important 
purpose in the animal economy, being, in particular, subservient to respiration. 

I shall conclude these remarks, perhaps more appropriate to a work on chemistry 
than to the present, by' stating the relation between theine and the animal product to«- 
Hne, the characteristic constituent of bile. 

One atom of theine - = Cg, Ng, H5, Oj ) Two atoms of Uurine. 
Nine atoms of water - = 
Nine atoms of oxygen - = 
The letters C, N, H, O, denote carbon, nitrogen or azote, hydrogen, and oxygen ; 
and the figures attached to each, the number of atoms ; one atom of carbon being 6, 
one of azote 14, one of hydrogen 1, and one of oxygen 8; from which the composition 
of the bodies, theine and taurine, may be easily computed for 100 parts. Now, suppo- 
sing one tenth of the bile to consist of solid matter, and this solid matter to be choleic 
acid (resolvable into taurine but different from it), which contains 3*87 of nitrogen, 
then 2*8 grains of theine would afford to 480 grains of bile (supposed solid, or 4,8(X) 
grains in its ordinary state) all the nitrogen required for the constitution of taurine, its • 
peculiar cyrstalline principle. 

It may be remarked here, however, with regard to tea and coffee, that while they 
agree in the main feature, they differ in some others, and especially in the large pro- 
portion of tannin in the former, and its non-existence, according to my experiments, in 
the latter, notwithstanding the statement of its presence, in many chemical works. 
Hence, tea may act injuriously in persons of Cretian habits,* while coffee has no con- 
stipating power, however much it may cause excitement and heat under certain idio* 
syncrasies. 

A pure, agreeable, and convenient concentrated preparation ot tea and coffee has 
been recently made the subject of an ingenious patent by Mr. Staite, which I can recom- 
mend as being made from the best articles in the market, by a perfectly wholesome ai»- 
paratus and process. The patentee has printed a little explanatory pamphlet on the 
object of his improvement, from which the following extracts are taken : — 

<' The quantity of tea grown and consumed in China can not be ascertained, but the 
consumption of Europe and America may be taken as follows : — 
Russia - - - - 6,500,000 lbs. 

United States of America - 8,000,000 

France - - - - 2,000,000 

Holland - - - 2,800,000 

Other countries - - 2,000,000 

Great Britain - - - 50,000,000 



71,300,000 lbs. or 31,830 tons. 

"The number of tea-dealers in the year 1839 was, in England, 82,794; in Scotland, 
13,611 ; and in Ireland, 12,744; making a total of 109,179. It is presumed that incon- 
sequence of the increased population their number at p'resent.must exceed 120,000. 

"The observations of Liebig afford a satisfactory explanation of the cause of the 
great partiality of the poor not only for tea,, but for tea of an expensive and superior 
kind. He says, '^Ve shall never certainly be able to discover how men were first led 
to the use of the hot infusion of the leaves of a certain shrub (tea), or of a decoction 
of certain roasted seeds (coffee). Some cause there must be, which will explain how 
the practice has become a necessary of life to all nations. But it is still more remark- 
able, that the beneficial effects of both plants on the health must be ascribed to one and 
the same substance {thSine or caffeine, the presence of which in two vegetables, belong- 
ing to natural families, the products of different quarters of the globe, could hardly have 
presented itself to the boldest imagination. Yet recent researches have shown, in such 
a manner as to exclude all doubt, that theine and caffeine are in all respects identical.' 
And he adds, that 'we may consider these vegetable compotinds, so remarkable for 
their action oii the brain, and the substance of the organs of motion, as elements of 
food for organs as yet unknown, which are destined to convert the blood into nervous 
substance, and thus recruit the energy of the moving and thinking faculties.''' Such 
a discovery gives great importance to tea and coffee, in a physiological and medical 
point of view. 

" At a meeting of the Academy of Sciences, in Paris, lately held, M. Peligot read a 
paper on the chemical combinations of tea. He stated that tea contained essential 
principles of nutrition, far exceeding in importance its stimulating properties ; ttmA- 
showed that tea is, in every respect, one of the most desirable arti^es of general «M^ - 

* Titus, chap, i., t. 13. 
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One of his experiments on the nutritious qualities of tea, as compared with those of 
soup, was decidedly in favor of the former. 

" Coffee is grown in Brazil, Cuba, Hayti, Java, British West Indies, Dutch Guiana, 
states of South America, French West India colonies, Porto Rico, Sumatra, Ceylon, 
Bourbon, Manilla, and Mocha. Brazil produces the largest quantity, 72,000,000 
pounds weight ; and the other states and colonies according to the order in which they 
are enumerated, down to Mocha, which produces the least, or 1,000,000 pounds ; ma- 
king a total of 346,000,000 pounds, equal to the consumption of the enormous quantity 
of 2,900 tons weekly, or 150,800 tons per annum. 

** From the official returns, the quantities of coffee exported in one year from the 
different places of production were 154,550 tons: — 



To France 


TONS. 

- 29,650 


Denmark 




TONS. 

- 1,400 


U. S. of America 


- 46,070 


Spain 




- 1,000 


Trieste 


- 9,000 


Prussia - 




- 930 


Hamburg 


. 20,620 


Naples and Sicily 




- 640 


Antwerp 


- 10,000 


Venice - 




- 320 


Amsterdam 


- 8,530 


Fiume - 




170 


Bremen 


- 4,500 


Great Britain (average 


of 10 


y'rs) 18,260 


St. Petersburg - 


- 2,000 








Norway and Sweden - 


- 1,470 






154,560 



* " Every reflecting man will admit, that articles of such vast consumption as tea and 
coffee (amounting together to more than 186,000 tons annually), forming the chief 
liquid food of a whole n<|tion, must exercise a great influence upon the health of the 
people, and that any discovery which tends to the purification of these alimentary 
drinks, rendering them more wholesome, without rendering them less agreeable, is a 
great boon conferred upon society. 

" The inventor and manufacturers of the * Pure Concentrated Fluid Essence of Tea 
and Coffee,' hope that the convenient and portable form in which th.ey are enabled to 
offer them to the public (in ' Rand's Patent Collapsible Tubes,' made of pure tin, 
whereby all the usual trouble and inconvenience of making tea and coffee are avoided), 
affords. rational grounds (in addition to more important considerations) for anticipating 
an extensive sale." 

TOBACCO. This important subject of our national revenue has been, during the 
last session of parliament, very fully investigated in reference to the smuggling and 
adulteration carried to an enormous extent, and hitherto but little checked by all the 
efforts of the oflicers of the customs and excise. Mr. Joseph Hume, M.P., who moved 
the appointment of the committee of the house of commons, and of which he was chair- 
man, proposed a reduction of duty from 3s. 2d. a pound to Is., as the only effectual 
remedy against these joint evils; but he was counteracted by Mr. Goulbourn, chancel- 
lor of the exchequer, and a majority of the members of the committee, on the score 
that the state of the national finances did not permit such a defalcation of income as 
that reduction would occasion. It would appear, from a great mass of evidence, that 
much more tobacco is introduced illicitly than what duty is paid upon, and that very 
great adulterations are practised. The following statement shows the temptations : — 

Virginia leaf costs in bond 3|d. per lib., the duty is 1,100 per cent. 



Ditto strips 
Kentucky leaf " 
Ditto strips " 

Havana cigars " 
Manilla cheroots " 
East India cheroots" 
Negroiiead and Cavendish 6d. 

Rates of duty on tobacco in foreign countries ;— 

Per English 
Pound. 
Austria— leaf tob&cco - - - - 3d. 

Belgium ditto \d. 

Bremen ditto, } per cent, ad valorem 



Denmark leaves and stems 
Prussia 



Saxony 

Bavaria 

Brunswick 

Wurtemberg - 

Frankfort on the Maine. . 



Zoll-Verein ] 
' States ) 



\d. 



Si. 



700 
1,S00 
800 
112 
ISO 
900 
1,600 



Per English 
Pound. 
Other German states - • • * i^* 
Hamburgh } per cent, ad valorem. 
Holland 2 per cent, ad valorem. 

Ditto, cigars Sdl. 

Ionian islands, leaf stems - • - 2i. 

Ditto, manufactured - - - 3dL 
Russia 30 per cent, ad valorem on 

foreign. 
Sweden and Norway - about U. 
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A strict royal monopoly (regit) exists in Aastria Proper, France, Sardinia, the 
Dutchies of Parma and Lucca, and the Grand Dutchy of Tuscany; and in Portugal, 
Spain, Naples, and the states of the church, the license to manufacture is periodically 
sold to companies, which regulate the prices of tobacco as they please. It will be 
found that the situation of all these counlries where the monopolies and high prices 
are kept up, is nearly the same, as to illicit trade in tobacco, as in England. 

In the years 1841, 1842, and 1843, the average revenue in this country on tobacco, 
at 3j. 2d, per lb., was 3,635,105/. 

Thc|greater part of the committee's report is occupied with the examination of wit- 
nesses as to the extent, modes, facilities, and chief localities of the illicit trade. It 
exhibits a great body of very curious and useful information, and demonstrates, beyond 
a doubt, that no measure short of a reduction of the duty to Is, per lb. can put a stop 
to it. 

The portion of the report most interesting: to the readers of the present work will 
probably be found to be the scientific evidence as to the means of detecting adul- 
teration. 

-The society of tobacco manufacturers in London, desirous of ascertaining how far 
chemistry could detect adulteration in tobacco, mixed four samples with different 
materials. No. 1 contained 5 per cent, of refined sugar ; No. 2 10 per cent, of extra- 
neous matter, viz., sugar and common salt; No. 3 15 per cent, of extraneous matter, 
the one half of it sugar, and the other half a certain powder used by the trade; No. 4 
15 per cent, also, consisting of about 3 parts sugar, and 1 part terra japonica (catechu). 
These four samples were placed in the hands of Mr. A. Garden, chemist, of Oxford 
street, for analysis, who made the following report upon their composition : — 

" The leaves of the tobacco-plant, in addition to the vegetable principles' of which 
they are chiefly composed, are known to contain a considerable number of saline and 
earthy substances, and which no doubt ought to be regarded as legitimate constituents 
of the plant. The proportion which these saline substances bear to the whole vege- 
table mass, is, it is true, but small, yet it becomes a question how far the presence of 
these salts, in quantities somewhat larger than those in which they are generally found 
to exist, can fairly be referred to a process of adulteration. The five samples of to- 
bacco sent to me for examination do nut appear to differ very widely from one another. 
After the removal of all the vegetable matter, they have, on an average, yielded 14 
per cent, of solid substances, consisting of soluble and insoluble saline and earthy com- 
pounds, the principal of which are as follows : sulphate and phosphate of lime, car- 
bonate of potash, muriate of ammonia and soda, sulphate of iron, malate of lime, and 
siliceous earth. The specimens marked 1, 2, and 4,* are exceedingly similar; that 
marked genuine contains about 2 per cent, less than the others, and the specimen No. 4 
(3 as stated above) is remarkable for having yielded a proportion of oxide of iron, 
which would almost lead to the supposition that sulphate of iron had been introduced. 
The other samples, it is true, also afforded evidence of the presence of iron, but in 
suclf minute quantity as might easily be accounted for by the contact of iron vessels or 
instruments, in the transports or manipulations to which the articles may have been 
exposed. 

• "A. Garden." 

Mr. Rogers, chairman of the Tobaconist's Society, who superintended the adultera- 
tion, states that no iron or copperas was put into any of them ; that Mr. Garden had 
them some time under process, having received them in May or June, and having made 
his report on the 26th of August, 1843. "The manufacturers, in consequence of that 
report, came to the conclusion that the analyzation was not satisfactory, and could not 
be done, so far as that process was concerned." 

Mr. Joseph Hume, M. P., under instructions from the committee, requested two 
chemists, Mr. Heathfield and Mr. Edward Solly, Jan., each to prepare six samples in 
the presence of two members of the committee. That was done, and the samples were 
sent to the Excise Board, and during ten or twelve days were (♦efully analyzed by the 
three chemists employed by the board to detect adulteration. The evidence of these 
three gentlemen, viz.. Professor Graham, Mr. Richard, and Mr. George Phillips, will 
explain the course they took to carry on the analysis ; and the following are the re- 
sults : — 



* 6 in the orisrinal. hnt altered by me to 4, as denoting the fourth of the adulterated samples. The 
fifth was genuine tobacco. ^ 
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Pilticulars of Six Samples of Tbbacco, prepared 
as above, in the presence of Sir Charles 
Douglas. M. P., and Mr. Ewart, M. P., Mem- 
bers of the Committee. 



No. I., marked X. 
9 lbs. 8 oz. of tobacco, with 1 lib. 8 os. of garden 
rhubarb-leaves, about 10 per cent., or 12^ per 
cent, in 100 parts. 



No. II., marked K. 

9 lbs. 6 oz. of tobacco, with I lib. foxglove leaves. 

About 10 per cent, added, or 9-52 in 100 parts. 



No. III., marked N. 
II lbs. 11 oz. tobacco, mixed with 8 oz. brown 
paper, soaked in decoction of sarsaparilla. 10^ 
oz. syrup of sugar, combining solid sugar, 7 or 
8 dwts. ; 1 oz. of saltpetre, and | oz. of alum ; 
in all, \^ oz. About 8 per cent, added, or 7*54 
in 100 parts. 



No. -IV., marked F. 
11 lbs. 14 oz. of tobacco, mixed with chickory 
root, dried and powdered, Irish moss gluten- 
ized, carbonate of potash, sulphate of potash, 
carboaate of magnesia, and carbonate of lime, 
about 9 oz , or about 5^ per cent., or 4 in 100 
parts. 



No. v., marked O. 
13 lbs. 9 oz of tobacco, mixed with 12 ox. 
ground tobacco stalks. 



of 



llUbs.4oz. 



No. VI. marked R. 
No adulteration. 



Report of the Analysis of the first Series of Six 
Samples by Messrs. Richard Phillips, Grabani, 
and George Phillips, 7th June, 1844. 



No. L, marked X. 
Adulterated with the leaves of garden rhtibarb ,* 
the amount of the adulteration is estimated at 
3.3 per cent. 



No. II., marked K. | 

Adulterated by a green leaf, not tobacco, which 
appears to belong to a plant of the same natural 
family, probably the potato ; the amount of the 
adulteration estimated at 3 9 per cent. 



No. III., marked N. 
Adulterated with brown paper or millboard, and 
also with sugar ; the amount of the first adul- 
teration is estimated at 6 per cent., of the second 
Ij^ or two per cent. 



No. IV., marked F. 
Adulterated with a vegetable matter, not tobacco, 
the nature of which we are not agreed upon. 
I'he amount of this adulteration is estimated at 
1-2 per cent. There is reason to suspect the ad- 
dition to this tobacco of both sand and sugar, in 
small quantity. 



No. v., marked O. 
Adulterated with sand and sugar; the amount of 
the first adulteration is estimated at 2 per cent. ; 
of the second at 3 per cent. 

Norvr,lnarked r! 
Genuine, but with a proportion of sand usually 
high. 



Particulars of Six Samples of Tobacco, mixed 
and sealed up at Mr. Rogers's, 392 Oxford 
street, in the presence of Sir Charles I>ouglas 
and Mr. Ewart, by Edward Solly, Jun., Esq. 

No. I., marked C. 

Adulterated with sugar of milk ... 5 

Terra japonica .--... j 

Nitrate of potash 1 

Alum 1 

Total per cent. ... 8 
No. 1 1 ., marked L. 

Adulterated with refined sugar ... 3 

Terra japonica --.--. i 

Carbonate of potash 1 

Common salt 1 

Total per cent. ... 6 

No. Ill , marked Q. 

Adulterated with refined sugar • - - 2 

Ck'ude nitrate of ammonia .... 4 

Common salt -.-.--- 1 

Muriate of potash -.--.. 0-5 
Nitrate of potash - - - - - -05 

Alum 1.0 

Total per cent. ... 9 

No. IV., marked P. 

Adulterated with sugar of milk ... 5 

Refined sugar - • ^- . . . s 

Common salt - - w- ... 1 

Carbonate of potash - - • - 1 

Total per cent. - - - 10 
No. v., marked B. 
Not adulterated at alL 



No. VI., BMited MT 
Not adulterated at all. 



Second Series of Six Samples, signed Rogers and 
Son, marked as under, analyzed by Messrs. 
Richard and George Phillips, and Thomas 
Graham. 



No. I., marked C. 
Adulterated with sugar, the adulteration estima- 
ted at 1 per cent. 



No. II., marked L. 
Adulterated with sugar, the adulteration estima- 
ted at 3 per cent. 



No. III., marked Q. 
Adulterated with sugar, the adulteration estima- 
ted at 2 per cent. 



No. IV., marked P. 
Adulterated with sugar, the adulteration 
ted at 4 per cent. 



No. v., marked B. 
Genuine ; gmins of sugar were, however, found in 
it and picked out, but the quantity so small, that 
we allow their introduction to be accidental. 



No. VI., marked M. 

Adulterated with loaf-bread, which has been cut op 

in the same manner as the tobacco : the amount 

of this adulteration was not estimated, but if 

small i the sample contains also a liitie sugar. 
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It appears from the preceding statement, that the chemists made no attempt at a trae 
chemical analysis, bat contented themselves with a physical examination of the appear- 
ances, and with the single process of fermentation to detect sugar, by the production of 
alcohol ; and yet they declare the presence of sugar in the tobacco which contained 
none ; as in samples F, O, and B. They did not search for saline matter, such as nitrate 
of potash, alum, common salt, nitrate of ammonia, muriate of potash, or carbonate of 
potash, and in fact do not seem to have made any analytical research for any such for- 
eign bodies f so that if the sugar had been left out (as a skilful adulterator would have 
done), and if the foxglove-leaves had been well browned by tobacco-juice, none of the 
adulterations would have been detected. 

Mr. R. Phillips says, in his examination before the committee " generally speaking 
we did not employ chemical tests," but it was principally by mechanical analysis and 
examination of the plant that they judged. When asked if he could obtain alcohol 
from sugar of milk, Mr. R. Phillips replies, " I think not." Question 7,555. 

" 7,597. Chairman. — Will you [Mr. R. Phillips] look at your report*, letter C, adul- 
terated with sugar estimated at 1 per cent. ? I asked you the question, whether you 
could discover the adulteration, if made with sugar of milk ; and your answer was, * No, 
1 believe not, for I think it would not ferment.' 

" 7,598. That specimen was mixed with 5 per cent, of sugar of milk, and 3 percent. 
of other articles, earthy matters, making altogether 8 per cent. ; your report is, ' adul- 
terated with sugar, estimated at 1 per cent. ;' how do you reconcile your detecting sugar 
there, when you said that you could not detect sugar of milk ? — ^I said that I spoke from 
the best of my recollection, and that is my recollection." 

"7,632. Letter O, you [Mr. R. Phillips] report as being ' adulterated with sand and 
sugar ; the amount of the first estimated at 2, and the second at 3 per cent.,' therefore 
that is reported as adulterated to the extent of 5 per cent. ? — Yes. 

« 7,633. That specimen is stated to be * 13 pounds 9 ounces of tobacco mixed with 
12 ounces of ground stalk ;' what should you say to iH^t ? Are you perfectly satisfied 
that the sugar in this specimen was foreign matter ? — I have no doubt of it; and with 
respect to the increased quantity of sand, that might come in with the increased quan- 
tity of stalks, which always contain a larger quantity than leaf-tobacco." 

" 7,637. But are you the least shaken in your opinion as to this analysis, by its beiqg 
stated to you, that that which was presented to you was tobacco mixed with 12 ounces 
of stalk ? — Not the least, rieither with respect to sugar nor sand ; confirmed with respect to 
sand, and not shaken with regard to sugar, ^' 

" 7,640. Here is an addition of eight per cent, of stalk ; do you imagine that that 
would give two per cent, of sand upon the whole amount ? — It seems a large amount, 
but I can not account for it in any other way ; it would increase it, but I can not say to 
what amount." 

" 7,645. Taking the specimen letter Q, on which you were ^efore examined, in which 
you have stated, ' adulteration at 2 per cent. ;' if informed that eight per cent, of 
muriate of potash, and other soluble matters were mixed, do you not consider that 
tobacco might be adulterated by those matters, which you could not discover as 
adulterations, to the extent of 5 or 6 per cent., without the possibility of detec- 
tion ? — I think they might, with such matter us that, without the possibility of detec- 
tion." 

Mr. R. Phillips says, in answer to question 7,673, that he never saw nicotine, and 
'* never saw anybody that saw it." Now he has seen me often, and I have a specimen 
of pure nicotine, which I showed to the committee in my examination, and which I 
shall be happy to show him at any time. 

" Mr. George Phillips called in and examined. 

" 7,767. What situation do you hold in the excise ? — That of an examiner. 

" 7,768. What are the duties of an examiner ? — They are various, but I have been 
employed chemically. 

" 7,769. How long have you been in that situation ? — About two years." 

" 7,773. Have you been educated as a chemist ? — No, I am self-educaleJ.^' 

'* 7^775. Hnve you examined all those specimens which have been suspected to be 
adulterated tobacco ? — Yes, I have examined the whole of them. 

"7,776. And you were employed at Gainsborough, Liverpool, and Manchester, in 
those different seizures and trials which took place ? — Yes, I was present at the whole 
of them. 

" 7,777. You were also associated with Mr. Richard Phillips and Professor Graham^ 
in makin^: inquiries into the 12 samples submitted to yon 7 — Yes." 

" 7,780. What time did you take in making these experiments ? — ^I think we were 
about 12 days. 

" 7,781. In examining the 12 specimens ? — ^Yes. 

" 7,782. Did you sign the report ?— Yes." 

17 
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Ifi» proecm of eziiiniiiatimi wmista in drying the tobacco tltoconghly by a beat of 
ihim 176-^ to 182-^, io then weighing out 100 grains of it, in digesting that weight in 
^ pints of water of the above temperature, stirring the mixture with a glass rod, leav- 
ing it to infuse for 50 minutes, and then separating the liquid from the insoluble matter 
by a fine strainer or filter. The insoluble part is gently pressed, dried at the above 
beat, and weighed. In this way Mr. Phillips found, that — 

Lignaous. Extractive. 
Virginia hand, the entire leaf and stem gave 
Virginia stripped, the stem being taken out 

Do. do. 

Kentucky hand .... 
Do. do, - 

Do. stripped .• . - - 

Do. do. - 
Maryland, not stripped . . - 

Do. do. - - - 

Mean of Virginia hand experiments 
Do. do. stripped do. 

Do. Kentucky hand 
Do. do. stripped 

Do. do. do. 

After experimenting upon between 500 and 600 different samples, he has never found 
any to exceed the highest of the above, which is 54 ; though he calls it, in his subsequent 
eiamination, 55 of extract. 

Porto-Rico tobacco-leaf gave 

Colombia do. - - - 

Do. do. - - - 

Virginia stalks - - 
Kentucky do. - 

Do. do. - 

Turkey - - 

" 7,865. Do you know to what natural family tobacco belongs ? — Mr. G. Phillips. 
I em not a botanist.^' 

** 7,867. Take the foxglove, for instance ? — ^I can not say whether it belongs to the 
same family. I know it has not the same character ; it is essentially different in char- 
acter." 

Yet the sample marked K, which contained foxglove, maladroitly introduced in the 
green state, and thus easily distinguishable by the least experienced eye from tobacco, 
was pronounced by th6 three chemists to be '< adulterated by a green leaf, not tobacco, 
which appears to belong to a plant of the same natural family, possibly the potato.'* 
Digitalis belongs to the family Scrophulariae, not the Solaneoe, like tobacco. 

By selecting such tobaccoes from the above tables as abound in ligneous matter, im- 
buing them with a quantity of some cheap vegetable extracts not fermentable into alco- 
hol^ drying and pressing them properly, it would be easy to adulterate tobaccoes to the 
amount of 10 or more per cent., and set at defiance this scheme of Mr. 6. Phillips. 
The manufacturer has, of course, a stock of Virginia tobacco at hand, capable of yield- 
ing a like proportion of extract, to cover his deception, which he puts into their hands, 
pour leur donner le change. 

" 7,869. What is the power of microscope you employ ? — About 60,000." 

Does Mr. G. Phillips mean to say that the linear magnifying power of his micioscope 
is 60,000 7 There is no such instrument in existence. If he means the area is en- 
larged by his microscope 60,000 times, he ought to have said so, and the linear power 
in that case would be about 245 times. 

** 7,877. In what manner do you obtain saline matter from the tobacco ? — I first as- 
certained the amount of ashes : I took 100 grains of Virginia leaf; I burned it to a 
red heat, not sufficiently high to drive off anything beyond the carbonaceous matter; 
those 100 grains of Virginia leaf produced 10*5 of ashes, and it contained 1*3 of sand 
or silica. The next experiment upon the same leaf gave ashes 1 1*2, and precisely the 
•ame amount of sand as the other, 1*3. The next was upon stalk alone, 100 grains of 
the same tobacco-stalk ; it gave ashes 16*5, and *4 of sand. The next, stalk and leaf, 
was upon 62 grains, which gave ashes 8*2, and *5 of sand (13*2 and 0*8 per cent.) 
Now we come to the Kentucky :. 100 grains of the Kentucky leaf gave ashes 19*5» 
sand 1*4 ; ditto 18*4 and 1-4 ; 47 grains of stalk and leaf gave ashes 9*5, and sand -8 
(20 and 1*7 per cent.) ; 100 grains of stalk gave 20-4 and -9. Ajiother experiment 
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gSTe the same." Here vre have nearly double the pioportioii of sand from leaf that 
there is from stalks^ 

Let us compare^ these experiments of Mr. G. Phillips with the unlucky counter*' 
statement of Mr. R. Phillips. The former actaally finds in the one set of stalks only 
4 lOths of 1 per ct. of sand, and 1 and 3 lOths, or upward of three times as much, in the 
leaf; while, in the other set, he finds about one half of sand in the stalks of what was 
in the leaf. Now Mr. R. Phillips defers to Mr. G. P. as his standard authority on this 
point. Thus — 

. " Question 7,580. You [Mr. R. Phillips] are not able to state the exact amount of 
those saline matters which exist in the difi['erent kinds of tobacco ? — No, I haye never 
tried." 

" 7,582. You have not, up to this time, made that experiment in theyarious inquiries 
you haye made ? — ^No, I haye not. I haye not thought it necessary. 

" 7,583. You state that the earthy matter found" (in the ashes) " is silica ; do you 
mean sand ? — Yes. 

'< 7,584. What is the greatest or the smallest quantity you haye found in the genu- 
ine tobacco ? — I haye not got the proportion ; I perhaps could find it, but I have it not 
with me. 

*' 7,585. You do not know the minimum or the maximum ? — No, but I believe that 
can lie stated by Mr. George Phillips very accurately." 

" 7,633. . — [Answer of Mr. R. Phillips.] With respect to the increased quan- 
tity of sand, that might come in with the increased quantity of stalks, which always con- . 
tain a larger quantity than leaf -tobacco, 

*' 7,634. Would the proportion of sand be accounted for, in your opinion, by the in- 
troduction of 12 oz. of stalks 7 — I think it would." 

Why did not the two Messrs. Phillips compare notes beforehand 7 

« 7,878. Besides silica, what did you [Mr. G. Phillips] find ?— Number 36, which 
produced 19*5 ; gave carbonate of lime 7*3 grains, silica 1*4, carbonate of potash, and 
a trace of iron, 9*7 grains ;* that is, it showed the presence of iron, but there was no 
appreciable quantity. The object of separating it into lime and potash was, that if 
there had been an introduction of 5 per cent, of potash, I should have had an increased 
amount of extractive matter"* (soluble, he should say), ** and an increased amount of 
ashes ; in genuine tobacco, where the extractive proportion is high, the ashes are 
low."t 

" 7,885. Are there any other articles found, besides the silica, and carbonate of lime, 
and potash ? — ^Not by my mode : both lime and potash exist in tobacco, in various quan- 
tities, malate and nitrate, and so on ; but the amount of each has never been found by 
any one."t 

" 7,9 18. . — ^ns. The only two kinds of tobacco manufactured worth speaking 

of, are Virginia and Kentucky, and they come in strips principally. Now the tobacco- 
manufacturer might endeavor to defeat us in this way ; suppose we endeavor to tie him 
down, he might mix his tobacco not in the proportion that we expect." 

The excise, though it has no power to tie the manufacturers down so hard and fast 
that they may not use any duty-paid tobacco which they please, yet it is too apt to give 
rise to a spirit of evasion. When a low-priced Kentucky, poor in extract, is laid down, 
it may be easily enriched with 10 per cent, of some vegetable extract to bring it up to 
Mr. G. Phillips's standard Virginia pitch of 55. 

** 7;924. Have you subjected the extract to the process of combustion, in order to 
ascertain its amount of saline matter ? — ^Not the extract ; I make a point of preserving 
part, in order to experiment upon." 

Yet he immediately afterward declares he makes no experiments upon it. 

<< 7,928. What do the ashes of C consist of I—We did not try that beyond the 
sand. 

** 7,929. You have got the ashes 16 by combustion ? — Yes, we suspected this sample 
to contain sugar, and also tried for sand." 

<* 7,934. Could you not find alum ?— Yes, but it would be impossible to try for the 
various salts that might be put in tobacco ; you might be experimenting for 3^ars on one 
sample." 

Relatively to Mr. R. Phillips's explanation of the rationale of the production of sand, 
question 7,961 to Mr G. Phillips affords a fiat contradiction. " Could the introduction 
of 12 ounces of ground stalk into 13 pounds 9 ounces of tobacco, give an adulteration 
of 3 per cent, of sand ? — It is perfectly impossible ; the stalk contains less sand than the 
leaf." 

*' 8,032. In any of those 12 specimens that you examined, were you able to distin- 

• An extraordinary qiinntity. 

t How easy to give this cliaracter to tobacco by adding extractive matter fVom different plants! 

t What a rash aasenioa ! lie missed a naiform and main constituent, the phosphate of lime. 
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gniah any vegetable mixture besides the tobacco ?— We readily distingaished in K, the 
mixture of foxglove and rhubarb." 

There was no rhubarb in K ; the foxglove was unluckily conspicuous by its light 
green color, and easily picked out. Answer to question 7,858 : " So also as regards 
the rhubarb, the rhubarb is very full of massy strong hairs, which are something like 
bodkins rather round ; they are larger at the end ; in fact, where the points of the hairs 
of tobacco are small, the rhubarb swell out and increase and cross each other in various 
directions, while those of the tobacco are flattened at the top." 

Has the foxglove the same massy hairs as the rhubarb ? 

With' regard to the production of alcohol from the samples of adulterated tobacco, 
Mr. E. Solly, in his examination before the committee, makes the following observa- 
tions in answers to questions 8,350, 8,352 : "Then you do not consider the mode by 
which saccharine matter is said to be detected at present to be a good and sufficient 
test ? — I should receive it with very great caution." 

" 8,352. — ^ns. I believe that tobacco contains substances that may give rise to 
the formation of spirit ; therefore I think it possible, until the contrary has been proved, 
that spirit may be formed from fermenting pure tobacco." 

Seven samples of tobacco, mixed under the superintendence of the committee, as 
a\>ove described, were sent to me on the 18th of June last, for analysis, marked B B, 
C C, F F, M M, O O, Q Q, X X, which I now presume were of like composition to the 
parcels marked B, C, F, M, O, Q, X, in those sent to the excise. As I operate always 
alone in my laboratory, I required naturally a considerable time to perform the several 
sets of experiments which I deemed requisite in trying to detect adulterations in so het- 
erogeneous a compound as tobacco. In my first examination before the committee, on 
the 15th of July, I stated that my first line of research had been to determine the pro- 
portion of azote in each of the above specimens, and compare it with that in genuine 
tobacco, with the view of ascertaining into which of the parcels non-azotized plants, 
such as rhubarb and other indigenous leaves, might have been introduced. For this 
purpose, I took a weighed portion of each tobacco, dried it thoroughly by a gentle steam 
heat, and found thereby how much moisture it contained. — See second table below. 



B B when dry, afforded, by ignition with hydrate of 

soda and quicklime, in an appropriate apparatus 
CC afforded ... - - 

FF" -'- 

MM « 

00 « ...--• 

QQ « 

XX « 

Virginia (genuine) - - - - - 2*6 = 2* 14 

I was now convinced that no good purpose could be served by this process of analy- 
sis, since it appeared that the differences in the proportions of azote resulting from 
the different proportions of nicotine, albumen, gluten, &c., in the tobacco, were too 
slight, and most probably too variable, from soil, climhte, and mode of culture, to be 
relied on as tests of purity ; and more especially when X found, on trial, that the dried 
leaves of foxglove afforded 1*96, or nearly 2 per cent, of azote, and that this plant was 
one likely to be used in making the adulterations. Besides, it appears that X X, which 
I now perceive to have contained 16 per cent, of rhubarb-leaves, afforded as much 
azote as O 0, which was altogether tobacco. Practical chemists are aware that each 
of the above experiments requires no little time, as well as nicety of manipulation. The 
results may, I believe, be depended on ; they were derived in each case from the decom- 
position of 50 grains of the dried tobacco. I next dried by a gentle heat, continued for 
several hours, as long as w6ight was lost, 200 grains of each sample. 
• 
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Itt a second series of experiments, where 100 grains of each of the dried tobaccoes, as 
under, were digested for two hours in 4,000 grains of distilled water, at the temperature 
of 176^ F., the following results were obtained : — 

Dried residuum. Soluble or extract. 

BB .... 56-7 48-3 

CC - - - - 560 44-0 

FF - - - - 64-7 45-3 

MM - - - - 63-7 36-3 

00 - - - - 68-2 41-8 

QQ - - - - 64-0 46-0 

XX - - - . 67-7 42-3 

X 

Thus, by a longer digestion with heat, and a larger quantity of water, more soluble 
matter or extract is obtained, and also in different proportions, from the same samples : 

Dried residuum. Soluble or eztr&.ct. 

Havana tobacco - - - 60*1 39*9 

Cuba - - - - 621 37-9 . 

Virginia - - . - 63-9 46-1 ' 

Kentucky - - - - 57*2 42-8 

It may, moreover, be remarked, that none of the tobaccoes, either adulterated or gen- 
uine, yielded so great a proportion of extract as Mr. G. Phillips asserts. 

It will be observed from the table of the specific gravity of the infusion of 100 
grains of the respective tobaccoes, in 1,000 grains of water, at 70° F. (with trituration 
in a mortar), that Q Q afforded the densest liquor, having a specific gravity of 1'021. 
I was hence led to imagine that this sample was adulterated with some soluble sub- 
stances, and possibly with sugar, of which such a handle had been made in the excise 
prosecutions. I therefore boiled 1,000 grains of that sample with 5,000 grains of dis- 
tilled water, and evaporated the soluble matter to a solid extract, which weighed 400 
grains. These were next digested in 3,000 grain-measures of alcohol of 0*834, and they 
left 330 grains insoluble in this menstruum. The matter insoluble in alcohol should 
have contained the sugar if any were present ; but when it was treated whti nitric acid 
of proper density and temperature, it afforded no oxalic acid whatever; even by the test 
of chloride of calcium. Hence I inferred that if sugar had been mixed with that tobac- 
co, it could not be discovered by probably the best test of sugar in common circum- 
stances ; and indeed, on looking now into the actual composition of sample Q, we find 
it to contain only 2 per cent, of sugar, mixed with 4 of nitrate of ammonia, 1 of com- 
mon salt, 1 of the mixed nitrates of potash and muriate of potash, and one of alum. As 
the infusion of 100 grains of X X in 1,000 of water was next in density, being 1,019, 1 
treated 1,000 grains of it as I had done with Q Q, and obtained 600 grains of watery 
extract, which, being digested in alcohol, left 330 grains like the preceding. When this 
also was treated with nitric acid, it afforded no oxalic. I therefore abandoned this line 
of research as unprofitable. 

It occurred to me that muriate or nitrate of ammonia might have been employed in 
adulterating some of the samples of tobacco. To ascertain this point, I distilled 100 
grains of each sumple along with water and quicklime, condensing the vapors, and 
testing the distilled liquid for ammonia : — 

BB afforded - - - 

CC « 

FF " 

MM « . . - 

00 « . - 

QQ " 

XX « 

Kentucky ... 

Virginia 

Ammonia exists in the saline state in all tobaccoes, but here in Q Q in notable excess, 
corresponding to the 4 per cent, of crude nitrate of ammonia, which had been intro- 
duced by the mixers. So far this experiment has a positive result. 

The filtered cold infusions of 100 grains of each dried sample in 1^000 grains of dis- 
tilled water were examined by many chemical tests, as follows : — 

1. Virginia taken as a standard : 

Infusion pale brown; acid reaction with litmus paper; nitrate of barytes, O; nitrate 
of silver, a faint opalescence, but no curdy precipitate ; oxalate of ammonia, a faint 
cloud of calcareous matter ; waiter of ammonia, O : chlorure of tin, a faint white pre- 
cipitate — hence no sulphuretted hydrogen present ; chloride of platinum, a copious 
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white precipitate, from the ammoniacal salt present; acetate of lead, an abundant whi- 
tish precipitate, soluble in nitric acid; chloride of iron caused a green tint, and sulphate 
of copper an olive brown, both resulting from the yellow of the iron and blue of the 
copper solutions with the brown of the tobacco. 

B B afforded the same results With the above tests as the Virginia tobacco : hence it 
might be inferred to be free from soluble sulphates, muriates, carbonates, &c. 

C C, acid reaction like the preceding ; nitrate of barytes, a precipitate which, being 
drained on a filter, washed, dried, and ignited, weighed 2*2 grains ; resulting, as it now 
appears, from the 1 per cent, of alum introduced into that sample. 

FF afforded 2*6 sulphate of barytes, resulting from the sulphate of potash introduced 
into this sample. 

M M afforded 0*6 of sulphate of baryies, a quantity belonging to this description of 
tobacco, derived, no doubt, from the soil — indicating possibly the proportion that should 
be d^ueted from that afforded by C C and F F. 

O O afforded 0*5 of sulphate of barytes, indicating freedom from any added sul- 
phate. 

Q Q, 1 grain of sulphate of barytes, corresponding to the 1 per cent, of alum, which 
Wfeis possibly not uniformly diffused through the parcel ; so that probably more of it 
existed in the portion taken for experiment of C C, than in that taken of Q Q. 

X X, sulphate of barytes, 0i6 ; the small excess here over pure tobacco due to the 
admixture of rhubarb-leaves. It is to be observed that all these barytic precipitates 
were insoluble in nitric acid. 

After separation by the filter of the barytic precipitates, from the infusions made 
with heat, a definite quantity of solution of nitrate of silver was added to each at once, 
because it was found impossible to define the point at which that test ceased to produce 
a change. The phenomena here were singular and puzzling. The phials containing 
the infusions of B B, C C, F F, O O, had their sides coated with a lively green film ; 
that with X X slightly i those containing M M and Q Q, with a brown film ; as also 
those from the Virginia, Kentucky, Havana, and Cuba tobaccoes ; while the contents 
of F F remained turbid after many days. From these phenomena, it appears that ni- 
trate of silver can not be advantageously used as a test upon infusions of tobacco made 
with hot water. 

When the infusions of the tobaccoes are made in the cold, those hydrogenated princi- 
ples, which seem to reduce a portion of the oxide of the nitrate of silver, and render its 
precipitate insoluble in ammonia, are not apparently generated. The nitrate of silver 
in this case gave the following results : — 



B B out of 100 grains infused, yielded 
CC ... - 

MM '- - . . 



1*8 chlorsilver. 
1*0 " 

1*3 « 
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These quantities belong to genuine tobacco, as I found on trying the Virginia, 
precipitates were insoluble in nitric acid. 

My next series of experiments was instituted to determine, by fermentative action, 
with the addition of good yeast to the infusions of the respective samples, whether sugar 
could be detected in any of them by the production of alcohol. Accordingly, I infused 
half a pound avoird.= 3,500 grains of each in 4,000 grains of boiling water, strained 
off the liquor into wide-mouthed phials, introduced into each 800 grains by weight oi* 
the best fresh porter-yeast from H^essrs. Meux's brewery in my neighborhood, and en- 
closed them all in a space kept at the temperature of 80^ F. The specific gravity of 
each, before the yeast, was very nearly 1*08. Afler 40 hours, the specific gravities 
were found to be (at 80^) of— 
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The contents of F F being distilled carefully in glass vessels, 700 water-grain meas- 
ures of liquid were drawn off, which, at 70^ F., had the specific gravity, 0*9921. 

The contents of O O afforded 700 grain-measures of specific gravity, 0*9876 ; besides 
500 grain-measures of 0*9974. 

Contents of B B afforded 700 grain-measures of 0*9946, and 240 grain-measures of 
0*998. 

From 2,400 grains by weight of the yeast, 700 grain-measures of liquor were distilled 
off, at specific gravity, 0-983. 

On the hypothesis that the liquor distilled from the infusions of the three samples of 
tobacco weire alcoholic, the 700 grains of F F would contain about 10 per cent, of proof 
spirit, or nearly 70 grains. 
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Alcoholic spirits of 0-983 specific gravity contains 23*3 percent, of proof S|Mrit; 
hence 7X23*3=163*1 grains, of which one third=d4*4 grains, being the product of ^800 
grains of yeast, had been introduced into each of the tobacco worts. The product of 
F F is therefore 70 — 04*4=15*6 grains of proof spirit, containing about 7 grains of al- 
cohol — a paltry result, and much too fallacious, whereon to found a fiscal persecatioB* 
as we shall presently show. 

O O, yielded 700 grain measures of 0*9876, equivalent to 16 per cent, of proof spirit 
s=112 grains, besides 500 grains of 0*9974, equivalent to 3*2 per cent, of proofs=l4 
grains of proof; together= 128 grains, from which 54*4 being deducted on account .of 
the yeast spirit, there remain 73*6 of apparent spirit, as the product of the tobacco xnA 
of half a pound of O O. 

B B aflforded 760 grains at 0*9946, representing 6*7 per cent, of proof=50 grains nf 
proof; to which 8^ grains for 240, at 0*998, the sum 58| represents the whole ob- 
tained for this wash, and 54 1 being deducted for the yeast spirit, there will remain 4 
grains of proof spirit, corresponding to 2 grains of alcohol and 4 grains of sugar in 
3,500 grains of the tobacco.* 

The only inference that can be drawn from these results of experiments carefnfiy 
conducted on the principles assumed as certain by Professor Graham and the Messn. 
Phillips, is, that the sample O O contained 73.4 grains or thereby of sugar mixed in 
the half pound of tobacco ; that F F sample contained about 15*6 grains, and B B 4 ; 
whereas, as it appears in the published report that there was no sugar in any one of 
the three samples, the fallacy of the excise process is manifest. 

It would therefore seem, that infusions of tobacco without sugar, when mixed with 
brisk yeast, and placed for 40 hours in a temperature of about 80^, undergo a certain 
degree of decomposition, attended with a diminution of their specific gravity, or, in the 
vulgar language of the excise, they suffer attenua|iDn. This phenomenon offers no 
difficulty to any one conversant with organic chemistry. He knows that there are no 
fewer than twelve different species of fermentation, all involving a specific series of 
decompositions and recompositions, each occupied with its appropriate subject, and gen- 
erating peculiar products. See Fermentation in this supplement. I shall advert, in 
this place, merely to that marvellous metamorphosis which bitter almonds experience 
by contact of pure water ; during which, aided by heat alone, the solid inert matter of 
the kernel is converted into a volatile, pungent, poisonous, ethereal oil, mixed with 
hydrocyanic or prussic acid, a fluid lighter than water. Such remarkable changes must 
be well known to Mr. R. Phillips and Professor Graham, and ought to have made them 
hesitate before they pronounced a distilled fluid, which is destitute of the smell and 
taste of alcohol, and which they do not say they had submitted to the requisite ordeal^ 
to be this substance. 

If by fermenting the infusion of 3,500 grains of tobacco, my distilled products were 
80 slight and fallacious, what could the chemist get from 1,000 grains ? or, as Mr. Gra- 
ham is wont to operate, from 200 grains, or less than half an ounce ? See Question 
7,548. Have they ever converted their supposed alcohol into ether, have they made 
fulminating mercury by its means, or have they extracted olefiant gas out of it ? If 
not, their testimony would have been scouted in any of our great courts of judicature. 

If sugar be present in any notable proportion, I think that it should be found hf 
evaporating the watery extract to dryness, digesting the extract in alcohol, and then 
treating the residuum properly with nitric acid. From the quantity of oxalic acid formed, 
the proportion of sugar might possibly be approximately estimated. I am not aware 
'that there are any principles in tobacco itself which would give rise to the formation 
of oxalic acid ; but this point could be easily set at rest by preliminary experiments. I 
tried this method, and obtained, as I have stated, no oxalic acid from the samples sub- 
jected to the process. 

The last series of experiments which I made upon the samples of tobacco sent to me 
by the committee, was the incineration of 500 grains of each in a platinum basin, and 
the analysis of the ashes. The results per cent, were as follows ;— - 
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The results here stated may be relied on, as they were the mean of many yery delib- 
erate experiments. They show that there are great variations in the proportions of 
the constituents, even in the. five genuine tobaccos ; B B, M M, O O, Virginia and 
Kentucky. But the alum in C C and Q Q, is indicated by the larger proportion of 
. tfulphate of barytes, obtained by precipitating the matter soluble in water, and acidu- 
lated with nitric acid, by meane of nitrate of barytes. The sulphate of potash in F F 
had been probably decomposed into carbonate during the ignition, along with carbonate 
of lime and carbonaceous matter ; and has thereby escaped notice in the colunm of 
f ulphate of barytes. 

I tried each of the aqueous infusions of the fresh samples with solution of gelatine, 
but obtained no indication of tannin, as should have happened with C C, in consequence 
of the introduction into it, of 1 per cent, of terra japonica or catechu. 

Finally, I regret exceedingly, that so short a space of time was allowed me for ma- 
king and digesting all these various researches, prior to my examinations before the 
committee. Even my report supplementary to my oral evidence, was given in before I 
had finished my experiments on the action of nitric acid upon the tobacco extracts, and 
- hence I mention there my having obtained crystals of oxalic acid, which turned out 
upon further examination to be no such thing. 

The following analysis of 10,000 parts of fresh tobacco, by Posselt and Reimann, will 
Ihow the exceeding complexity of this substance : — 



Nicotine 

Nicotianine - - - - - 
Extractive matter, slightly bitter 
Gum witii a little malate of lime 

Green resin 

Vegetable albumen ... 
Substance anatojsous to gluten • 

Malic acid 

Malate of ammonia ... 
Sulphate of potash ... 



6 

1 
287 
174 
28.7 
260 
1048 
6iO 
120 
4-8 



Chloride of potassium - - - . (j-3 

Potash combined with malic and niric acids 9-5 

Phosphate of lime ..... |6'ft 

Lime in union with malic acid - - 24*S 

Silica 8-8 

Woody fibre 496 9 

Water (traces of starch) .... 
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In Siiliman's Journal^ vol. vii., p. 2, a chemical examination of tobacco is given by 
Dr. Covell, which shows its components to have been but imperfectly represented in the 
above German analysis. He found, 1, gum ; 2, a viscid slime, equally soluble in water 
and alcohol, and precipitable from both by subacetate of lead ; 3, tannin ; 4, gallic 
acid ; 5, chlorophyle (leaf-green) ; 6, a green pulverulent matter, which dissolves in 
boiling water, but falls down again when the water cools ; 7, a yellow oil, i)osse8sing 
the smell, taste, and poisonous qualities of tobacco ; 8, a large quantity of a pale yel- 
low resin ; 9, nicotine ; 10, a white substance, analogous to morphia, soluble in hot, 
but hardly in cold, alcohol ; 11, a beautiful orange-red dye stuffy soluble only in acids : 
it deflagrates in the fire, and seems 'to possess neutral properties; 12, nicotianine. In 
the infusion and decoction of the leaves of tobacco, little of this substance is found ; 
but after they are exhausted with ether, alcohol, and water, if they be treated with sul- 
phuric acid, and evaporated nearly to dryness, crystals of sulphate of nicotianine arc 
obtained. Ammonia precipitates the nicotianine from the solution in the state of a 
yellowish white, soft powdering matter, which may be kneaded into a lump, and is void 
of taste and smell, as all its neutral saline combinations also are : its most characteris- 
tic property is that of forming soluble and uncrystallizable compounds with vegetable 
acids. 

According to Buchner, the seeds of tobacco yield a pale yellow extract to alcohol, 
which contains a compound of nicotine and sugar. — Repertorium fur die Pharmacie, 
vol. xxxil. 

MM. Henry and Boutron Charlard found in 
1,000 parts of Cuba tobacco - 
Maryland - 
Virginia - 
lie et Vilaine "- 
Lot et Garonne 
timea more than were obtained by Posselt and Reimann. 

I sh^ll conclude this examination of the tobacco report with a few remarks upon the 
pretences of the Messrs. Phillips and Graham to botanical and microscopic skill in dis- 
itinguishing the minutest filaments of shag tobacco from those of other plants. Having 
applied a good achromatic microscope to this object along with my son, who is familiar 
with the use of that instrument, I must acknowledge that I would place exceedingly 
little reliance on the possibility of distini^uisbing such vegetable leaves as I could ea- 
sily select for the adulteration of tobacco ; and I will engage to set at fault even the 
•uperior accomplishments of Professor Lindley. 

" 6,999. When a vegetable fibrous addition is made to the ordinary tobacco, and so 
igrottud and minutely divided as not to allow an examination by the glass^ could yoa 
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distingaish it from tobacco 7" — Mriuraham's answer : " It woald be extremely diffi- 
cult to divide it so finely as not to present a sensible magnitude to the microscope. I 
have never met with tobacco manufactured for sale as shag-tobacco, in which I could 
not distinguish it." 

Mr. R. Phillips, in reply to question 7,511 ; « Generally speaking, we did not employ 
any chemical tests." 

^' 7,512. Then it was principally by mechanical analysis, and examination of the 
fibre of the plant, that you judged ? — Yes, certainly." 

Answer to question 7,523 : " You may distinguish it (tobacco) not by the naked eye, 
but by the microscope." 

" 7,856. Can you [Mr. G. Phillips] dbtinguish the fibre of tobacco from the fibre of 
dock, or any other vegetable of the same family ? — Yes. 

** 7,857. In how small a quantity can you detect it ? — ^However small the quantity, 
if you take pains, you can discover it : nothing can be finer than the sample K, in which 
there was foxglove." 

Professor Lindfey and Mr. George Phillips distinguish tobacco from other plants chiefly 
by the structure of its hairs. But in Geiger's " Pharmaceutische Bolanik," the second 
edition, improved by Nees von Esenbeck, and Heinrich Dierbach, a book of standard 
authority, the Nicotiana tabacum of Linnseus, which is the Florida tobacco of the 
French botanists, is described as having smooth (glabra), somewhat glutinous leaves. 
Several varieties of this plant are said to be cultivated under peculiar provincial names, 
to which the Nicoiianapetiolaia, Nicotiana decurrens, &,c., belong; all with smooth and 
blistery leaves. 

In my examination before the committee on the 15th of July, in answer to question 
8,569, 1 said — ^' The conclusion to which I am led is this, that when the tobacco is 
brought in this shag state, it is next to impossible, by chemical means in most cases, or 
by physiological means, to determine the adulteration ; the only case in which adultera- 
tion can be detected, in my opioion, is when sugar is mixed. 

" 8,570. Does the presence of alcohol, by distillation from a fermented solution, give 
you an invariable test that sugar is present ? — If sugar is present in any quantity above 
5 per cent., I think alcohol may be produced from it." 

But I would never content myself with the deceptions lest of the specific gravity of 
a minute portion of the distilled liquid. I would take at least seven pounds of the sus- 
pected tobacco, rinse it rapidly in cold water, in order to dissolve out the saccharine 
matter, with as little as possible of the tobacco extract; mix it with a certain quantity 
of yeast; take the specific gravity of the mixture ; set it in a chamber heated to 80^ F., 
and watch the phenomena of fermentation, if any occur. At the end of 40 hours, or 
whenever the density of the mixture had sunk to the lowest point, I would note it ; 
then distil, rectify the distilled liquor, and expose it to the appropriate tests of alcohol, 
as stated above. I am quite convinced that no certainty could be obtained by operating 
upon the infusion of 200 grains of a tobacco containing 5 or 10 per cent, of sugar, as Pro- 
fessor Graham, in his evidence before the magistrates in the Gainsborough prosecution, 
said he had done with the tobacco then in question. The total quantity of sugar that 
could be present was under 20 grains, and this being mixed with tobacco-juice, which 
counteracts the fermentative process, would afford a most unsatisfactory quantity of al- 
cohol — a quantity most difficult of verification ; one on which, in my humble apprehen- 
sion, knowing, as I do, the fallacy of chemical experiments and experimenters, no per- 
son should ever venture to seek a verdict, or to levy a heavy fine. 

^' 8,589. Then you are of opinion that -it will be impossible, if care be taken, such as 
you state, by chemists^ for detection to be within the power of the government 7 — 
Quite impossible. I will pledge my chemical character to make such specimens as the 
excise can not detect. 

« 8,590. Then to continue the system of alleged detection by analysis might subject 
individuals to punishment most unjustly. 

** 8,591. Have any cases come under your knowledge of errors in judgment upon 
that point ?— There is a case which has lately occurred to me of a very unjustifiable 
kind on the part of the excise, aad I think I might mention it. It is a case of l^per. 

** 8,592. Will you describe the case ? — About a year ago, the excise officers entered 
the premises of Messrs. Mayor and Dove, large spice merchants in Little Distaff Lane, 
and seized a quantity of ground white pepper, alleging it to be adulterated, and carried 
It off. I attended the court of excise. Professor Graham and Mr. George Phillips, the 
two witnesses as to the adulteration on the part of the excise, were first examined, and 
they swore that the seized pepper contained sago to the amount of 10 or 12 per cent., 
jind they produced a few particles like sago in a very small pill-box." [For the other 
details, see the article Pepper in this Supplement.] 

" 8,596. From the advance of chemical science, suppose the excise oflfice to have 
your assistance, or the assistance of other experienced chemists, do you think that, witb 
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all that assistance, they could detect an adulteration that might, with perfect facility, 
be introduced by chemists 7 — I would say that Ddulteration may be made upon tobacco 
which may defy all the chemists in Europe to find out. 

" 8,697. And not only chemists, but physiologists ? — Yes, and botanists." 

It will be seen, from the vagueness of the results of the several series of erperi- 
ments which I made on the seven samples of tobacco sent to me by the committee, 
with every possible attention in the short period allowed me, that it is no easy matter 
to detect adulterations in tobacco ; and a chemist should be extremely cautious in pro- 
nouncing a decided opinion upon such tslender grounds as the professional gentlemen 
employed in the excise board have in maiiy cases done. Supposing a tobacco poor in 
extractive matter, like the Kentucky, were skilfully imbued with juice of liquorice till 
it came to the standard of the Virginia, neither Mr. G. Phillips, by his plan of infusion, 
nor Professor Graham, by that of fermentation, could detect the adulteration. The 
liquorice-juice assimilates with tobacco better even than sugar, but " it is incapable of 
undergoing the spirituous fermentation.'** 

I offer this one example, out of many, merely as a hint to my brother chemists to be 
somewhat less confident and dogmatical in their decisions. Were the questions of to- 
bacco adalteratlon referred to one of our law couits in Westminster or Guildhall, the 
evidence of the chemists for the prosecution would be weighed in a more ticklish balance 
than that of a provincial justice of the peace, or even of the honorable commissioners 
of excise, and it might possibly be found wanting. 

How vexatiously inquisitorial, and how abhorrent from the genius of the British 
constitution, must the practice of the excise board be, when the following regulations 
are recommended by its most influential functionary ! To question 8,005, Mr. George 
Phillips replies — " I would mak^ the manufacturers responsible for the samples which 
they gave ; for instance, we know very well there are only two tobaccoes used for 
general cutting tobaccoes, that is, Kentucky and Virginia ; we know the nature of those, 
and we very well know what description of tobacco the manufacturer must use to make 
it answer his purpose. A tobacco which will not yield 45 per cent, of extractive, is not 
fit for him to use. If he sent a sample which should be 35, such as Porto Rico, or got 
some rubbishing stuff from the sales at the tobacco warehouse, / would not allow thta 
sample to be used, or at any rate to be mixed with any other; if he used that, he should 
use that alone ; he should be confined within a range, which experience has proved to 
be the general range." No choice for taste is to be allowed. Again, to question 8,023, he 
answers, " Sometimes the seizures are made before the tobacco is examined ; sometimes 
seizures are made afterward, upon my report that it is adulterated. The officers send 
a sample up unknown to the manufacturer : they take a sample unknown to the manu- 
facturer, and then, after I have examined it, instructions are sent to the supervisor, that 
any tobacco of that sort that he can find on the manufacturer's premises, he should seize. 
If the tobacco is seized merely upon the examination of the sample, samples taken from 
the bulk of the seizure are then sent up and examined. I could mention cases where 
samples have been sent up by the supervisor or other officer, and have been examined , 
they have gone and seized, afVer the lapse of a fortnight, and it has turned out that the 
tobacco has been pure when it has been examined ; of course, that has been returned 
again." Question 8,024 : " How small an amount would you report to be adulterated 7 
Two per cent." 

Every intelligent reader of the experimental and other evidence detailed in the 
preseAt article, must perceive the precariousness of decisions based, upon an adultera- 
tion of only 2 per cent., in so complex a substance as tobacco, that adulteration being 
sworn to in consequence of such unsatisfactory microscopic and chemical researches. 
What a servile spirit must be engendered among the tributaries to the excise, when 
thirteen eminent tobacconists of London could recently petition the House of Commons 
to aggravate the astringent administration of that tribunal, praying that adulterations 
detected by its officers should be prosecuted more rigorously ; and the efficiency of 
the law be " further secured by the abolition of compromise, publicity by prosecution 
in the local courts or otherwise, and the substitution of personal for pecuniary penali- 
ties. '^ 

What powerful inducements are held out to Mr. George Phillips and his coadjutors 
to obtain convictions for adulterations of tobacco, may be inferred from the fact, that 
'* all penalties and seizures are by law divisible in equal parts, between the crown and 
the informer;" 1, to the person by whom the information was communicated; 2, to the 
officers by whose instrumentality, and subsequent aid, proceedings for penalties are 
brought to a successful termination. In all other cases, libera] means of remuneration 
are placed at the disposal of the board of excise. — See Memorandum as to rewards for 
information given to the Excise, p. 584, Tobacco Report, 

* Llebig, Chimie Orgamque, iii., 43. 
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TORTOISE-SHELL is manufactured in yarions objects, partly by cutting ont 
the shapes, and partly by agglutinating portions of the shell by heat. When the shell 
has become sofi by dipping it in hot water, the edges are in the cleaaest possible stat^ 
without grease, pressed together with hot flat tongs, and then plunged iato cold water, 
to fix them in their position. The teeth of the larger combs are parted in their heated 
state, or cut out with a thin frame saw, while the shell, equal in size to two combs, 
with their teeth interlaced, as in^g. 166, is bent lil^e an arch in the direction of the 
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length of the teeth, as in^lg. 167. The shell is then flattened, the points are separated 
with a narrow chisel or pricker, and the two combs are finished, while flat, with coarse 
single-cut files and triangular scrapers. They are finally warmed, and bent on the knee 
over a wooden mould, by means of a strap passed round the foot, just as a shoemaker 
fixes his last. Smaller combs of horn and tortoise-shell are parted, while flat, by an 
ingenious machine, with two chisel-formed cutters placed obliquely, so that each cut 
produces one tooth. See Rogers' cotnb-cutting machine. Trans, Soc, ,Arta, vol. xlix., 
part 2, since improved by Mr. Kelly. In making the frames for eye-glasses, spec- 
tacles, &c., the apertures for the glasses were formerly cut out to the circular form, with 
a tool something like a carpenter's centre-bit, or with a crown saw in the lathe. The 
discs so cut out were used for inlaying in the tops of boxes, &c. This required a piece 
of shell as large as the front of the spectacle; but a piece one third of the size will now 
suflSce, as the eyes are strained or pulled. A long narrow piece is cut out, and two slits 
are made in it with a saw. The shell is then warmed, the apertures are pulled open, 
and fastened upon a taper triblet of the appropriate shape ; as illustrated by figs, 168, 
169, and 170. The groove for the edge of the glass is cut with a small circular cutter, 
or sharp-edged saw, about three eighths or half an inch in diameter ; ahd the glass is 
sprung in when the frame is expanded by heat. 

In making tortoise-shell boxes, the round plate of shell is first placed centrally over 
the edge of the ring, as in fig, 171 : it is slightly squeezed with the small round edge- 
block g, and the whole press is then lowered into the boiling water : after immersion 
for about half an hour, it is transferred to the bench, and g is pressed entirely down, so 
as to bend the shell iqto the shape of a saucer, as nXfig. 172, without cutting or injuring 
the material ; and the press is then cooled in a water-trough. The same processes are 
repeated with the die d, which has a rebate turned away to the thickness of the shell, 
and completes the angle of the box to the section fig, 173, ready for finishing in the 
lathe. It is always safer to perform each of these processes at two successive boilings 
and coolings. Two thin pieces are cemented together by pressure with the die e,anda 
device may be given by the engraved die /. — See HoUzapffePs Turning and Mtckanikal 
Manipulation^ vol. i., p. 129. 
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TURPENTINE, SPIRITS, ESSENCE, OR OIL OF. Camphen is the new 
name given by the continental chemists to every ethereous or volatile oil, which is com- 
posed of 5 atoms of carbon and 8 of hydrogen, and which combines directly with hydro- 
chloric acid, either into a solid or a liquid compound, resembling camphor. Under this 
title the following oils are included: turpentine, citron, or lemon, orange-flower, 
copaiva, balsam-oil, juniper, cubebs, and pepper. Some add to this last — the oils of 
cloves, valerian, and bergamot. As the new patent lamps burn spirits of turpentine, 
they have been called Camphine. (See Lamps.) Since that article was pcinted I have 
had occasion to test a variety of Camphine lamps during the preceding three months, and 
I am convinced the patent Vesta lamp of Mr. Young is not merely the best, but it is the 
only one hitherto made public, which can be used with comfort in closed apartments. 
It was the first spirit lamp constructed on right principles, keeping in view the peculiar 
nature of Camphine spirits, and being secured by a correct specification, leaves no room 
to expect another equally good. In this lamp the burner is completely insulated from 
the reservoir by a ring of wood, or other non-conducting material, placed between them, 
and as no metallic tube passes down from the flame into the volatile spirits, they remain 
cold ; whereas, when such a tube passes down through the reservoir, for the admission 
of air to the inside of the flame (as in all other argand lamps), without being insulated 
from the flame, the^spirits become 20 or 30 degrees hotter, so as to emit acrid and 
oflfensive fumes. The wick also, which embraces the heated tube becomes dry and 
resinous, loses its capillary power, coals at the flame, and then sends up smoke with a 
shower of lamp black. 

The Vesta lamp is free from these defects, and when used with properly rectified 
spirits, never smokes nor smells ; it may be eaisily distinguished by the above characters, 
and by the circumstance of the air passing between the wicks to the interior of the 
flame. It affords, undoubtedly, the brightest, cleanliest, and most economical light, 
hitherto invented, when supplied with pure spirits free from rosin. I have lighted my 
drawing-rooms with the Vesta lamp for several evenings successively, without having 
its wick trimmed or its occasioning the slightest inconvenience. I therefore deem it 
due to the patentee's ingenuity, as well as to the public welfare, to give this deliberate 
opinion at a time when the volatile spirits of turpentine are getting into general use, 
and when, if burned in lamps on the argand plan, they must create danger. 

Great care must be taken in the choice of the spirits of turpentine as the combustible. 
As those very generally sold in London contain rosin and other impurities, they are 
quite unfit for that purpose ; but the spirits manufactured by Messrs. John Tall and 
Co. of Hull, to be had of their agents, Ratcliffe and Co., 103 Hatton Garden, London, 
answer perfectly. I have subjected these spirits to careful chemical examination, and 
I find them to be quite pure, and very difi'erent indeed from those on common sale here. 
Their specific gravity is only 0*864 at 62^ Fahr., while that of the average London 
article is from 0*874 to 0*882, the greater density being due to^rosin. Messrs. Tail's 
spirits may be boiled oflf in a retort without leaving any sensible residuum, and they 
also boil at a lower degree of heat; but the best proof of their excellence, in the present 
point of view, is exhibited in the preceding notice of the Vesta lamp, for it was Messrs. 
Tail's spirits which were used on that occasion. 



V. 



VENTILATION. There are two general plans in use for at once diffusing beat 
and renewing the air in extensive buildings, which plans differ essentially in their prin- 
ciples., modes of action, and effects. The oldest, and what may be called, the vulgar 
method, consists in planting stoves in the passages or rooms, to give warmth in cold 
weather, and in constructing large and lofty chimney-stalks, to draw air in hot weather 
out of the house, by suction, so to speak, whereby fresh airflows in, to maintain, though 
imperfectly, an equilibrium of pressure. In apartments, thus warmed and ventilated, 
the atmosphere is necessarily rarer than it is out of doors, while, in cold weather, the 
external air rushes in at every opening and crevice of door, window, or chimney — the 
fruitful source of indisposition to the inmates. 

The evils resulting from the stove-heating and air-rarefying system were, a few yean 
ago, investigated by me, in a paper read before the Royal Society,* and afterward 

♦ I had been professionally employed by a committee of ihe officers of the customhouse, to ex- 
amine the nature of the malaria which prevailed there, but I had no concern in erecting the stovas 
which caused it. 



VENTILATION. 



published in several scientific and technological journals. It is there said that the ob- 
servations of Saassure, and other scientiiic travellers in mountainous regions, demon- 
strate how difficult and painful it is to make muscular or mental exertions in rarefied air. 
ISven the slight rarefaction of the atmosphere, corresponding to a low state of the bar- 
ometer, at the level of the sea, is sufficient to occasion languor, lassitude, aud uieasi- 
ness, in persons of delicate nerves ; while the opposite condition of increased pressure 
as indicated by a high state of the barometer, has a bracing effect upon both body and 
mind. Thus, we see how ventilation, by the powerful draught of a high chimney-stalk, 
as it operates by pumping out, exhausting and attenuating the air, may prove detrimen- 
tal to vivacity and health ; and how ventilation, by forcing in air with a fan or a pump, 
is greatly to be preferred, not only for the reason above assigned, but because it pre- 
vents all regurgitation of foul air down the chimneys, an accident sure to happen in the 
former method. Genial air thrown in by a fan, in the basement story of a building, 
also prevents the stagnation of vapors from damp and miasmata, which lurk about the 
foundation of buildings and in sewers, and which are sucked in by the rarefying plan. 
Many a lordly mansion is rendered^ardly tenantable from such a cause, during certain 
vicissitudes of wind and weather. 

The condensing plan, as executed by the engineers, Messrs. Easton and Amos, at the 
Reform Club House, consists of a large fan, revolving rapidly in a cylindrical case, and 
is capable of throwing 11,000 cubic feet of air per minute, into a spacious subterranean 
tannel, under the basement story. The fan is driven by an elegant steam-engine, worked 
on the expansion principle, of 5 horses* power. It is placed in a vault, under the flag- 
pavement, in front of the building ; and as it moves very smoothly, and burns merely 
cinders from the house fires, along with some anthracite, it occasions no nuisance of 
any kind. The steam of condensation of the engine supplies 3 cast-iron chests with 
the requisite heat for warming the whole of the building. Each of these chests is a 
cube df 3 feet externally, and is distributed internally into 7 parallel cast-iron cases, 
each about 3 inches wide, which are separated by parallel alternate spaces, of the same 
width, for the passage of the air transversely, as it is impelled by the fan. 

Fig. 174 is a transverse vertical section of the steam-chest, for heating the air ; fig, 175 
is a plan of the same ; and fig, 176 is a perspective view, showing the outside casing, 
also the pipe a, for admitting the steam, and the stop-cock b, for allowing the condensed 
water to escape. 

176 176 
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This arrangement is most judicious, economizing fuel to the utmost degree ; because 
the steam of condensation which, in a Watt's engine, would be absorbed and carried off 
by the air-pump, is here turned to good account, in warming the air of ventilation du- 
ring the winter months. Two hundred weight of fuel suffice for working^ this steam- 
engine during twelve hours. It pumps water for household purposes, raises the coals 
to the several apartments on the upper flours, and drives the fan ventilator. The air, 
in flowing rapidly through the series of cells, placed alternately between the steam- 
cases, can not be scorched, as it is generally with air stoves ; but it is heated only to the 
genial temperature of from 75° to 85° Fahr., and it thence enters a common chamber of 
brickwork in the basement story, from which it is let off into a series of distinct flues, 
governed by dialled valves or registers, whereby it is conducted in regulated quantities 
to the several apartments of the building. I am of opinion that it would not be easy to 
devise a better plan for the purpose of warming and ventilating a large house ; and I • 
am only sorry to observe, that the plan projected by the engineers has been injudiciously 
counteracted in two particulars. 

The first of these is, that the external air, which supplies the fan, is made to traverse 
a gnreat heap of coke before it can enter that apparatus, whereby it suffers such friction 
as materially to obstruct the ventilation of the house. The following experiments, which 
I maJe recently upon this point, will place the evil in a proper light : Having fitted 
up Dr. Wollaston*s differential barometer, as an anemometer, with oil, of specific gravity 
0*900 in one leg of its syphon, and water of 1-000 in the other, covered with the said oU 
in the two cisterns at top, I found that the stream of air produced by the fan^ in a cec- 
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tain part of the fine, had a velocity only as the nnmber 8, while the air was drawn 
through the coke, but that it had a velocity in the same place as the number 11, when- 
ever the air was freely admitted to the fan by opening a side door. Thus, three 
elevenths, both of the ventilating and warming effect of the fan, are lost. I can not 
diviiA any good reason for making the members of the Reform Club breathe an atmo- 
sphere, certainly not improved, but most probably vitiated, by being passed in a moist 
state through a porous sulphurous carbon, whereby it will tend to generate the two 
deleterious gases, carbonic oxide and sulphuretted hydrogen, in a greater or less de- 
gree. It is vain to allege that these gases may not be discoverable by chemical analy- 
sis — can the gaseous matters, ^hich generate cholera, yellow fever, or ague, be detected 
by chemical reagents ? No, truly ; yet every one admits the reality of their specific 
virus. I shonU propose that the air be transmitted through a large sheet of wire-cloth 
before it reaches the fan, whereby it would be freed from the grosser particles of 
soot that pollute the atmosphere of London. The wire-cloth should be brushed every 
morning. 

The second particular, which counteracts in some measure the good effects of the fan 
in steam ventilation, is the huge stove placed in the top story of the building. This 
potent furnace, consuming, when in action, 3 cwt. of coals per day, tends to drawdown 
fbul air, for its own supply, from the chimneys of the adjoining rooms, and thus to 
impede the upward current created by the fan. I have measured, by Dr. Wollaston's 
differential barometer, the ventilating influence of the said furnace stove, and find it to 
be perfectly insisrnificant — nay, most absurdly so — when compared with the fan, ha to 
the quantity of fuel which each requires per day. The rarefaction of air in the stove 
chamber, in reference to the external air, was indicated by a quarter of an inch differ- 
ence of level in the legs of the oil and water syphon, and this when the door of the 
stove-room was shut, as it usually is ; the tube of the differential barometer ,being 
inserted in a hole in the door. The fan indicates a ventilating force equal to 2 inches 
of the water syphon, which is 20 inches of the above oil and water syphon, and there- 
fore 80 times greater than that of the stove furnace ; so that, taking into view the 
smaller quantity of fuel which the fan requires, the advantage in ventilation, in favor 
of the fan, in the enormous ratio of 120 to 1, at the lowest estimate. The said stove, 
in the attic, seems to me to be not only futile, but dangerous. It is a huge rectangular 
cast-iron chest, having a large hopper in front, l^ept full of coals, and it is contracted 
above into a round pipe, which discharges the burnt air and smoke into a series of hori- 
zontal pipes of cast-iron, about 4 inches diameter, which traverse the room under the 
ceiling, and terminate in a brick chimney. In consequence of this obstruction, the 
draught through the furnace is so feeble, that no rush of air can be perceived in its ash- 
pit, even when this is contracted to an area of 6 inches square : nay, when the ash-pit 
was momentarily luted with bricks and clay, and the tube of the differential barometer 
was introduced a little way under the grate, the level of the oil and water syphon in that 
instrument was displaced by no more than one tenth of an inch, which is only one hun- 
dredth of an inch of water — a most impotent effect under a daily consumption of 3 cwt. 
of coals. In fact, this stove may be fitly styled an ineendiary coal-devour er, as it has 
already set fire to the house ; and though now laid upon a new floor of iron rafters and 
stone flags^ it still offers so much danger from its outlet iron pipes, should they become 
ignited from the combustion of charcoal deposited in them, that I think no j)remium of 
insurance adequate to cover the imminent risk of fire. The stove being, therefore, a 
superfluous and dangerous nuisance, should be turned out of doors as speedily as pos- 
sible. Its total cost, with that of its fellow in the basement story, can not be much less 
than the cost of the steam-engine, with all its truly effectual warming and ventilating 
appurtenances. 

I take leave to observe, that the system of heating and ventilating apparatus, con- 
structed by Messrs. Easton and Amos, in the Reform Club House, offers one striking 
and peculiar advantage. It may be modified at little expense, so as to become the ready 
means of introducing:, during the sultriest dog-days, refreshing currents of air, at a tem- 
perature of 10, 20, 30, or even 40 degrees under that of atmosphere. An apparatus of 
this nature, attached to the houses of parliament and courts of law, would prove an in- 
"estimable blessing to our legislators, lawyers, judges, and juries. Of such cool air a 
very gentle stream would suffice to make the most crowded apartments comfortable, 
without endangering the health of their inmates with gusts of wind through the doors, 
windows, and floors. 

It is lamentable to reflect how little has been done for the well-being of the sentient 
and breathing functions of man in the public buildings of the metropolis, notwithstand- 
ing our boasted march of intellect, and diffusion of useful knowledge. Almost all our 
churches are filled on Sundays with stove-roasted air; and even the House of Commons 
has its atmosphere exhausted by the suction of a huge chimney-stalk, with a furnace 
equal, it is said, to that of a 40-hocse steam-boiler. To gentleinen plunged in air so 
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attenuated, condensation of thought and terseness of expression can hardly be the order 
of the day. 

Nearly seven years have elapsed since I endeavored to point public attention to this 
important subject in the following terms : *' Our legislators, when bewailing, not long 
ago, the fate of their fellow-creatures, doomed to breathe the polluted air of a factory, 
were little aware how superior the system of ventilation adopted in many cotton-mills 
was to that employed for their own comfort in either house of parliament. The engi- 
neers of Manchester do not, like those of the metropolis, trust for a sufficient supply of 
fresh air inlo any crowded hall, to currents physically created in the atmosphere by the 
difference of temperature excited by chimney-draughts, because they know them to be 
ineffectual to remove, with requisite rapidity, the dense carbonic acid gas generated by 
many hundred powerful lungs.''* At page 382 of the work just quoted, there is an 
exact drawing and description of the factory ventilating fan. 

On the 6th ot June, 1836, 1 took occasion again, in a paper read before the Royal 
Society, upon the subject of the malaria which then prevailed in the customhouse, to 
investigate the principles of ventilation by the fan, and to demonstrate, by a numerous 
train of experiments, the great preference due to it, as to effect, economy, and comfort, 
over chimney-draught ventilation. Yet at this very time, the latter most objectionable 
plan was in progress of construction, upon a colossal scale, for the House of Commons. 
About the same period, however, the late ingenious Mr. Oldham, engineer of the bank 
of England, mounted a mechanical ventilator and steam-chest heater, for supplying a 
copious current of warm air to the rooms of the engraving and printing departments of 
that establishment. Instead of a fan, Mr. Oldham employed a large pump to force the 
air through the alternate cells of his steam-chest. He had introduced a similar system 
into the bank of Ireland about ten years before, which is now in full action. 

About two years ago, Messrs. Easton and Amos were employed to ventilate the letter 
carriers' and inland office departments of the general post-office, of which the atmo- 
sphere was rendered not only uncomfortable but insalubrious, by the numerous gas- 
lights required there in the evenings. This task has been executed to the entire satis- 
faction of their employers, by means of fans driven by steam-engine power. The said 
engineers made, about the same time, a set of machinery similar to that erected at the 
bank of England, for warming and ventilating the bank of Vienna. They are justly 
entitled to the credit of having been the first to execute, in all its bearings, the system 
of heating and ventilating buildings, having special respect to the health of their inmates, 
which I urged upon the public mind many years ago. 

As fans of sufficient size, driven by steam power with sufficient velocity to warm in 
winter, and ventilate at all times, the most extensive buildings, may be erected upon the 
principles above described, without causing any nuisance from smoke, it is to be hoped 
that the chapel of Henry VII. will not be desecrated by having a factory Vesuvius 
reared in its classical precincts, and that the noble pile of architecture of the new 
houses of parliament will not be disfigured with such a foul phenomenon. 

The cheering and bracing action of condensed air, and the opposite effects of rarefied 
air upon human beings, formed the subject of several fine physiological experiments, 
made a few years ago by M. Junot, and described by him in the ninth volume of the 
jSrchives Generates de Medecine : " When a person is placed," says he, " in condensed 
air, he breathes with a new facility ; he feels as if the capacity of his lungs was en- 
larged ; his respirations become deeper and less frequent ; he experiences, in the course 
of a short time, an agreeable glow in his chest, as if the pulmonary cells were becoming 
dilated with an elastic spirit, while the whole frame receives, at each inspiration, fresh 
vital impulsion. The functions of the brain get excited, the imagination becomes vivid, 
and the ideas flow with a delightful facility ; digestion is rendered more active, as after 
gentle exercise in the air, because the secretory organs participate immediately in the 
increased energy of the arterial system, and there is therefore no thirst," 

In rarefied air the effects on the living functions are just the reverse. The breathing 
is difficult, feeble, frequent, and terajinat*es in an asthmatic paroxysm ; the pulse is quick 
and most compressible; hoemorrhages often occur, with a tendency to fainting; the 
secretions are scanty or totally suppressed, and at len^h apathy supervenes. 

These striking results obtained on one individual at a time, with a small experimental 
apparatus, have been recently reproduced, on a working scale, with many persons at 
once enclosed in a mining-shaft, encased with strong tubbing, formed of a series of 
large sheet-iron cylinders, riveted together, and sunk to a great depth through the bed 
of the river Loire, near Languin. The seams of coal, in this district of France, lie 
under a stratum of quicksand, from 18 to 20 metres thick (20 to 22 yards), and they 
had been found to be inaccessible by all the ordinary modes of mining previously prac- 
tised. The obstacle had been regarded to be so perfectly insurmountable, that everf 

* Philosophy of Manafactuxes, p* 380, published by Charles Knisht.^London, 1835^ 
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portion of the great coal-basin, that extends under these alluvial deposites, though well 
known for ceuturies, had remained untouched. To endeavor, by the usual workings, 
to penetrate through these semi-fluid quicksands, which communicate with the waters 
of the Loire, was, in fact, nothing less than to try to sink a shaft in that river, or to 
drain the river itself. But this difficulty has been successfully grappled with, through 
the resources of science, boldly applied by M. Triger, an able civil engineer. 

By means of the above frame of iron tubbing, furnished with an air-tight ante- 
chamber at its top, he has contrived to keep his workmen immersed in air, sufficiently 
condensed by forcing-pumps, to repel the water from the bottom of the iron cylinders, 
and thereby to enable them to excavate the gravel and stones to a great depth. The 
compartment at top has a man-bole door in its cover, and another in its floor. The 
men, aAer being introduced into it, shut the door over their heads, and then turn the 
stop-cock upon a pipe, in connexion with the condensed air in the under shaft. An 
equilibrium of pressure .is soon established in the ante-chamber, by the influx of the 
dense air from below, whereby the man-hole door in the floor may be readily opened, 
to allow the men to descend. Here they work in air, maintained at a pressure of three 
atmospheres, by the incessant action of leathern-valved pumps, driven by a steam-engine. 
While the dense air thus drives the waters of the quicksand, communicating with the 
Loire, vut of the shaA, it infuses at the same time such energy into the miners, that 
they can easily excavate double the work without fatigue which they could do in the 
open air. Upon many of them the first sensations are painful, especially upon the ears 
and eyes, but ere long they get quite reconciled to the bracing element. Old asthmatic 
men become here effective operatives ; deaf persons recpver their hearing, while others 
are sensible to the ^lightest whisper. ' The latter phenomenon proceeds from the stronger 
pulses of the dense air upon the membrane of the drum of the ear. 

Much annoyance was at first experienced from the rapid combustion of the candles, 
but this was obviated by the substitution of flax for cotton thread in the wicks. The 
temperature of the air is raised a few degrees by the condensation. 

Men who descend to considerable depths in diving-bells, experience an augmentation 
of muscular energy, similar to that above described. They thereby acquire the power 
of bending over their knees strong bars of iron, which they would find quite inflexible 
by their utmost efforts when drawn up to the surface. 

These curious facts clearly illustrate and strongly enforce the propriety of ventilating 
apartments by means of condensed air, and not by air rarefied with large chimney- 
draughts, as has been hitherto most injudiciously, wastefully^ and filthily done, in too 
many cases. 

VERMICELLI is made with most advantage from the flour of southern countries, 
which is richest in gluten. It may also be made from our ordinary flour, provided an 
addition of gluten be made to the flour paste. Vermicelli prepared from ordinary flonr 
is apt to melt into a paste when boiled in soups. It may, however, be well made 
economically by the following prescription : — 

Vermicelli or Naples flour - - - - - 21 lbs. 

White potato flour - - - - - -14 — 

Boiling water - - - - - - -12 — 

Tptal - - - - 47 lbs. 



Affording 45 lbs. of dough, and 30 of dry vermicelli. With gluten, made from common 
flour, the proportions are — 

Flour as above - - " - - - 30 lbs. 

Fresh gluten - - - - - - -10 — 

Water 7 — 



Total - - . - 47 lbs. 

Affording 30 lbs. of dry Termicelli or macaroni. 



W. 

WATERS, MINERAL. The following: tables exhibit the nature and composition 
of the most cebbratei mineral waters of Germany, according to the best analyses. The 
symbol N denotes nitro-^en or azote ; O, oxygen ; C0«, carbonic acid j SH, sulphuretted 
hydrogen. Therm. ; cent, scale ; if not^ R. for Reaumur. 



» Hi 

u X5 I 



iiii ih ill II i U 



. (I fiii i 
me* -9 < 



« T" r T* 

S3 {2 S S 



S 1 



S ! 1 i ^ 



? 1 ? I 









i 



I 



li li^ ti§ 61 

IllWWri 11 



'III i II 






I*lllll1|. 



t I I 1^ 
feb 6b 6b 6i2 

II I! !i in 



it 



p? ? 



I ! 



Si- 



2 i? 2 I 



I? 25 

I CO o> 



I- 



hit I 



! I If 



Is! ! I ill 



f r ? ? T* ? ?> 

o n o c« f-i o « 






2 a 

6 § 



i 2 Ss 



? ? ? 2 
5 5 s a 



M -- « 



it 



S 



^ I S 

« 4 -* 



s I 

6 S 



f I 



''i? I? ! 



If i i s 2 



? I 



^|. 



i i I 






3 i 



S i s 



1^ 

•2» 






i 



11 



t B 



id 



I I 



il 



P &s I 



s 9 



ss 






H 



ti i I 






i ' 



i I 

a. 

S 3 



|S§£2S2 S 



a H ^? 






^ ? 



H 







" ? 11 if IIe^i & 



Iti 



Ml 1 1 nil mi II }i|ipi^ I 



1^ 
•1^ 



Il I5' S^- £• 5 
'c»- |& £& 3 & 

^ J8 * — . ' 



-^^11 



4i 



4U 



Hi 



* 



ft 



it 









I 






r: ? § 9 5 



§ §8" S « 

s I g i 



S $ 



P? 



"1 b 



-iii 



& t« 



I I 






*> s »: 






%\mmskB 



i I 
^"1 






1! 

H 
O 



H 

0^ 

O 

a 

H 
QQ 

O 

I 



c ^ 



s S I I 



? § 



!l 



? ? ^ i ?: 



1*? ? 



llj 



t^5S^ .O -5 S ? 

? =?? j: '-^ T ^ 

'^tS'C rt T r+ ^ 






i °isi e g s 
; |l'5 g t I 



i^ 



9 3 I I If 'I I S i a s I I |i| 



Miss 



II 



I i 



|1" 






? £ a s 

£ q» fL Ai 



§ 1 I s 



§ I f 



9 s 






^1 
^1 



rl 



. tv i fl Its D g 



^1 



£ ^K 



^ ?s 



! i 



&P?B S I III? 



^ ^ 

6 i 






I G I 



3 S 



!l 



I it 



i ?: a 









? lis 



y 4. 



-?-!_ 



a a g * ^ s 



1^ . ?_ 



¥ ct ^ 5 o 






t s si |.| 






i m IS ! *l 



.^ » 









i '- = 



N ^ 



^ = 






I I a ^ 



H 




«4| 



ii 



«li«ll%|il|l Lis 

Ii- lin ii,? I sf I" III 1 1 

Is^a i«ar r^ll 111 is I ri 'sl 







^ni 



Hi 
in: 



o 

O 
» 

H 



< o 

^ M 

o o 



^ 



s 
& 

'< Pi ^ 



5 s a> 



O 

QD 

o 



o 

H 

O 
H 

H 
OD 

o 



•< 

H 






I 

o 

•5 






111 1 



E 



N, 



f ; 



I s 



'I ^irJlssifii 111 






'III 

m 



III 



ii 



S' 



i1 I 






I I 



1 






r 



ill 



11 



•it 

I, 



Hi 



I |_ 



r. 






i_L 



I I 



¥ 



III 



hilt 



hi 



ESh 



I I i 



1 I 



.Ii 



6 w 






ti g i i i 



Mi 



It 



XJ_i 






I ^ 



!: 8 



II 









III II 



i\t 



13 ! if PI Ul *i a 2 » 



i|»ijs 





III 



j> fe*^3 I. Is *r3 i^ "SI Iv 










'ij 



11^ 



i_|jA 



ill il ^1 

a Bg i^-i >-> 



I 11 11 I 



M i i i 



M 00 « 



i I 



I 






Is. 



Jiif 



6 

M 



n ■■ w " 



w " rtri '^V'^ '""^ 



fi^ 



1 

:? 2 s 



J 



o 

H 

i 

s 

g 

O 

s 

H 
CQ 

O 



1. 

a 
3 









I i i ! 



I I 



i 



s I 



P s s s I il^ 



4^ 



* I * I 



i I 



S 2 



I I 



I I 



^ § I ^ S I S 






I I 



i i i g 









Li^ 



ill III 



I 1 1 1 i m m i§« i IV 



I 5 I ^Is 



it ^ ^ rt « ¥ 



It 



.11 

ill 
"£5 



S 



?l^ 



l|hi^ 



§1! 



- irf d 

^ k g 



Pi 



lis 



1^ -I 

^ S I* ' 






§ a 






1= I £^te -^ 



Sir* 




It 
If 



II 



"I 

ll! 



sTo 



ll 



-^ ^ fi 

=^l^^^ 

<1^1^ 






n z A n k 



j w « 



h 



? 9 S $ s 

§ g S 8 I 



i i I 5 I si I 

s « a s 9 s 



iMIi 

09 con eo 



llil 



«'£.■= 









8 i?:i 






5 § 5§ 



I y fi 11 

I dg 6« 6a 



i I 



§8 3 SS 



n MO 



I I 



14 
If 



IP 



i U 






£: « S 



fit 






M 



m 



ih 



i 2 



? 9 






l« s 



ll 






I I • 



i i §iill 3 



66 



§9 si i^ 

S? «° 2°. 

t . 't tB -SB 

SCO &Sa) SSCQ 



.1:3 to <o CO 



ds 






0$ pi 






iriiili 



Xilll li ^ %i 1 1L $ I \ I III if l^c " 
•i --I'^lli "^ I /III d III ~«i I ^^ -s sllJi % I 

" liiilniifftityiwianiiifeiif 



£ a- 



CSZIL 



il !l!lli 



illi 



t d I I I III! M I H n 






ti 8 I 






I I I ? I I i I ? 









1^4' i 
liliii I 



gill ^ 



If, 



flillif li 



If 






mil 



o 

a 

OQ 

o 






g i 



i 



i i 



? ? i 



6 



1± 



s s 



I I 



I I 



5 



i I 



I i I ^ 
s ! S s 



I ! 



i I 



I i ! 



I i 11° I I 



till 



i i i I I 

« 1^ o e T 



if li 






I 



8^ 



r ? 



$ 3 



I *|| I III I s 



a Cd 



I! 

ss6 



6-^ 



« «o «c to cc 






.fi pS 



Mi? 



I* 



;ii 



.1 t« 

nil 



II 

ll-s 

III 

•111 



II 2| p 

H -I '^1 

■I li- 3 

id§> ill i§ 



1 



si sj 

III isl 



Jl 



ill 



I I Is ? 

« & H ► 



i 1 



! § 2 






•a"- --8 2g 

Iifpiliiin h 

CO ^ n 03 09 03 n 



I t 



S 8 



^ i 



II I • i ' 



II 



sl§ I 



S 



11 



i I 



§5 3 

6-^ 6 



►I 



I I I 5 



5 9 

6 6 



2 S S 

&i H H 



0! 

I 80 CL 



.^1; " : J 



I 1^ 

^ II 



ili 



n Pk 






¥ 



51 Hm 






12 § 



M 



SS 8 



gii J SI 

•i-S^i Is Is- 

Ig-g si || 

a:iu(>« Q Pod 



SCO a u 



§^ 



II 



& $. 



:3d 

•3S 






¥a 9 



^1 illl 

"3 5 3 2" 
is I! f ? 



II 






si 






8 § 



I. 



i^na poM -9 



280 



WHALEBONE. 



WEAVING OF HAIR CLOTH. In addition to the description of this art, 
under " Hair" in the Dictionary, I shall give here a short notice of the best kind of 
shuttle for weaving hair. Fig, 177, shows in plan A, and in longitudinal section B, a 




shuttle which differs from that of the cominon cloth weaver only in not haying a pirn 
enclosed in the body of the box-wood, but merely an iron trap a, which turns in the 
middle upon the pin b. This trap-piece is pressed up at the one end, by the action of 
the spring c, so as to bear with its other end upon the cleft of the iron plate d, which 
is intended to hold fast the ends of the, hair-weft : d and c together are called the jaw 
or mouth, whence the i>opular name of this shuttle. The workman opens this jaw 
by the pressure of his thumb upon the spring end of the trap a, introduces with the 
other hand one or more hairs (according to the description of hair cloth) into the 
mouth, and removing his thumb, lets the hair be seized by the force of the spring. 
The hairs having one end thus made fast are passed across the warp by the passage of 
the shuttle, which is received at the other end by the weaver's left hand. The friction 
rollers, x, x, are like those of fly-shuttles, but are used merely for convenience, as the 
shuttle can not be thrown swiftly from side to side. The hand which receives the 
shuttle opens at the same time the trap, in order to insert another hair, after the 
preceding has been drawn through the warp on both sides and secured to the list. 
A child attends to count and stretch the hairs. This assistant may, however, be dis- 
pensed with by means of the following implement, represented in fig, 178. C, C, is 
the view of it from above, or the plan ; D, is a side view ; E, a longitudinal section, 
and F, an oblique section across. The chief part consists in a wooden groove, or 
chamfered slip of wood, open above, and rounded on the sides. It is about twenty-one 
inches in length, about as long nearly as the web is broad, therefore a little shorter 
than the horse-hairs inserted in it, which project about an inch hefoof^ it at each end. 
They are therein pressed by elastic slips e, of Indian rubber, so that the others 
remain, when one or more are drawn out by the ends. The ends of the grooves are 
flat where the Indian rubber spring exerts its pressure, as shown by the dotted line at 
F. The spring is formed by cutting out a double piece from the curvature of the neck 
of a caoi^tchouc bottle or flask, fastening the one end of the piece by a wire staple in 
the groove of the shuttle, whereby the other end, which alone can yield, presses upon 
the inlaid hairs. Wire staples like/ (in the section E) are passed obliquely through 
two places of the groove or gutter, to present the hairs from springing up in the middle 
of the shuttle, which is suitably charged with them. The workman shoves the tool 
across the opened warp with the one hand, seizes with the other the requisite number 
of hairs by the projecting ends, and holds them fast, while he draws the shuttle once 
more through the warp. The remaining hairs are retained in the groove by the springs, 
and only those for the single decussation remain in the web, to be secured to the list 
OB either side. A weaver with this tool can turn out a double length of cloth of what 
he could do with the mouth-shuttle. 

WHALEBONE. A patent was granted to Mr. Laurence Kortright in March, 1841, 
for improvements in the treatment of whalebonej^ which consist in compressing the 
strips in width to increase their thickness, so as to render the material applicable for 
forming walking-sticks, whip handles, parasol and umbrella sticks, ramrods, archery 
bows, &c. He accomplishes this purpose by bending the strips together, introducing 
them into a steam chest, thereby softening them, and in that state compressing them into 
a compact mass by appropriate machinery ; for a description, with figures, of which, 
see Newton's Journal, C. S, xxi. 444. 
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TVHITE LEAD. Mr. Thomas Richardson of Newcastle, one of the most dis- 
tinguished chemists of Liebig's school, obtained a patent in December, 1S39, for a 
preparation of sulphate of lead, applicable to some of the pnrpq/^es to which the car- 
bonate is applied. His plan is to put 56 pounds of flake litharge into a tub, to mix it 
with one pound of acetic acid (and water) of specific gravity 1*046, and to agitate the mix- 
ture till the oxide of lead becomes an acetate. But whenever this change is partially ef- 
fected, he pours into the tub, through a pipe, sulphuric acid of specific gravity 1-5975, at 
the rate of 'about 1 pound per minute, until a sufficient quantity of sulphuric acid has 
been added to convert aU the lead into a sulphate ; being about 20 parts of acid to 1 12 
of the litharge. The sulphate is afterward washed and dried in stoves for the msurket. 
I have examined the particles of this white lead with a good achromatic microscope, 
and found them to be semi-crystalline, and semi-transparent, like all the varieties of 
carbonate precipitated from saline solutions of the metal. 

Mr. Leigh, surgeon in Manchester, prepares his patent white lead, by precipitating 
a carbonate from a solution of the chloride of the metal by means of carbonate of 
ammonia. On this process, in a commercial point of view, no remarks need be made. 
In Liebig and Woehler's Annalen for May, 1843, Chr. Link has communicated his 
investigation of two sorts of lead, prepared in the Dutch way, by the slow action of 
vinegar and carbonic acid upon metallic lead, under the heat of fermenting horse-dung. 
The one sort was manufactured by Sprenger, the other by Klagenfurlh of Krems. 
He also examined 3 specimens of the Ofifenbach white lead. They aU agreed in com- 
position; affording 11 '29 per cent. of carbonic acid, and 2*23 of water; correspond- 
ing to the formula, 2 (PbO, C02)4-PbO, HjO; that is, in words, 2 atoms of 
carb onate of lead with 1 atom of oxide and 1 atom of water — in round numbers, 
thus, 2X134 + 112 + 9. 

Mulder observed specimens of white lead, of different atomic proportions of car- 
bonate, oxide, and water, from the above, and discovered that the qu^ty improved as 
the carbonate increased. The white lead by the Dutch process, as made by Messrs. 
Blackett of Newcastle, is certainly superior as a covering oil pigment to all others. 
• Its particles are amorphous and opaque. 

A patent was granted to Mr. Hugh Lee Pattinson in September, 1841, for improvements 
in the manufacture of white lead, &c. This invention consists in dissolving carbonate 
of magnesia in water impregnated with carbonic acid gas, by acting upon magnesian 
limestone', or other earthy substances containing magnesia in a soluble form, or upon 
rough hydrate of magnesia in the mode hereafter described, and in applying this solu- 
tion to the manufacture of magnesia and its salts, and to the precipitation of carbonate 
of lead from any of the soluble salts of lead, but particularly the chloride of lead ; in 
which latter case the carbonate of lead, so precipitated, is triturated with a solution of 
caustic potash or soda, by which a small quantity of chloride of lead contained in it 
is converted into hydrated oxide of lead, and the whole rendered similar in composition 
to the best white lead of commerce. The manner in which these improvements are 
carried into effect is thus described by the patentee : I take magnesian limestone, 
which is well known to be a mixture of carbonate of lime and carbonate of magnesia, 
in proportions varying at different localities; and on this account I am careful to 
procure it from places where the stone is rich in magnesia. This I reduce to powder, 
and sift it through a sieve of forty or fifty apertures to the linear inch, t then heat it 
red hot, in an iron retort or reverberatory furnace, for two or three hours, when, the 
carbonic acid being expelled from the carbonate of magnesia, but not from the car- 
bonate of lime, I withdraw the whole from the retort or furnace, and suffer it to cool. 
The magnesia contained in the limestone is now soluble in water impregnated with 
carbonic acid gas, and to dissolve it I proceed as follows : I am provided with an iron 
cylinder, lined with lead, which may be of any convenient size, say 4 feet long by 
. 2| feet in diameter; it is furnished with a safety-valve and an agitator, which latter 
may be an axis in the centre of the cylinder, with arms reaching nearly to the circum- 
ference, all made of iron and covered with lead. The cylinder is placed horizontally, 
and one extremity of this axis is supported within it by a proper carriage, the other 
extremity being prolonged, and passing through a stuffing-box at the other end of the 
cylinder, so that the agitator may be turned round by applying manual or other power 
to its projecting end. A pipe, leading from a force-pump, is connected with the under 
side of the cylinder, through which carbonic acid gas may be forced from a gasometer 
in communication with the pump, and a mercurial gauge is attached, to show at all 
times the amount of pressure within the cylinder, independently of the safety-valve. 
Into a cylinder of the size given I introduce from 100 to 120 lbs. of the calcined lime- 
stone, with a quantity of pure water, nearly fiUing the cylinder ; I then pump in car- 
bonic acid gas, constantly turning the agitator, and forcing in more and more gas, till 
absorption ceases, under a pressure of five atmospheres. I suffer it to stand in this 
condition three or four hours, and then run off the contents of the cylinder into a 
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cistern, and allow it to settle. The clear liquor is now a solution of carbonate of 
magnesia in water impregnated with carbonic acid gas, or, as I shall hereafter call it, 
a solution of bicarbonate of magnesia, having a specific gravity of about 1*028, ana 
containing about 1,600 grains of carbonate of magnesia to the imperial gallon. 

I consider it the best mode of obtaining a solution of bicarbonate of magnesia from 
magnesian limestone, to operate upon the limestone after being calcined at a red heat 
in the way described ; but the process may be varied by using in the cylinder the 
mixed hydrates of lime and magnesia, obtained by completely burning magnesian 
limestone in a kiln, as commonly practised, and slaking it with water in the usual 
manner ; or, to lessen the expenditure of carbonic acid gas, the mixed hydrates may 
be exposed to the air a few weeks till the lime has become less caustic by the absorp- 
tion of carbonic acid from the atmosphere. Or the mixed hydrates may be treated 
with water, as practised by some manufacturers of Epsom salts, till the lime is wholly 
or principally removed ; after which the residual rough hydrate of magnesia may be 
acted upon in the cylinder, as described ; or hydrate of magnesia may be prepared for 
solution in the cylinder, by dissolving magnesian limestone in hydrochloric acid, and 
treating the solution, or a solution of chloride of magnesium, obtained from sea-water 
by salt-makers in the form of bittern, with its equivalent quantity of hydrate of lime, or 
of the mixed hydrates of lime and magnesia, obtained by completely burning magnesian 
limestone, and slaking it as above. When I use this solution of bicarbonate of magnesia 
for the purpose of preparing magnesia and its salts, I evaporate it to dryness, by which a 
pure carbonate of magnesia is at once obtained, without the necessity of using a carbonated 
alkali, as in the old process ; and from this I prepare pure magnesia by calcination in the 
usual manner ; or, instead of boiling to dryness, I merely heat the solution for some time 
ta the boiling point, by which the excess of carbonic acid is partly driven off, and pure 
carbonate of magnesia is precipitated, which may then be collected, and dried in the 
same way as if precipitated by a carbonated alkali. If I require sulphate of magnesia, 
' I neutralize the solution of bicarbonate of magnesia with sulphuric acid, boil down, 
and crystallize ; or I mix the solution with its equivalent quantity of sulphate of iron, 
dissolved in water, heated to the boiling x>oint, and then suffer the precipitated car- 
bonate of iron to subside ; after which I decant the clear solution of sulphate of mag- 
nesia, boil down, and crystallize as before. When using this solution of bicarbonate 
of magnesia for the purpose of preparing carbonate of lead, I make a saturated solution 
(^chloride of lead in water, which, at the temperature of 5(P or 6(P Fahr., has a specific 
gravity of about 1*008, and consists of 1 part of chloride of lead dissolved in 126 parts 
of water. I then mix the two solutions together, when carbonate of lead is imme- 
diately precipitated ; but in this operation I find it necessary to use certain precautions, 
otherwise a considerable quantity of chloride of lead is carried down along with the 
carbonate. These precautions are, first, to use an excess of the solution of magnesia, 
and secondly, to mix the two solutions together as rapidly as possible. As to the 
first, when using a magnesian solution, containing 1,600 grs. of carbonate of magnesia 
per imperial gallon, with a solution of chloride of lead saturated at 55^ or 60^ Fahr.« 
1 measure of the former to 8 1 of the latter is a proper proportion ; in which case there 
is an excess of carbonate of magnesia employed, amounting to about an eighth of the 
total quantity contained in the solution. When either one or both the solutions vary 
in strength, the proportions in which they are to be mixed must be determined by 
preliminary trials. It is not, however, necessary to be very exact, provided there is 
always an excess of carbonate of magnesia amounting to from one eighth to one 
twelfth of the total quantity employed. If the excess is grehter than one eighth no 
injury will result except the unnecessary expenditure of the magnesian solution.. 
As to the second precaution, of mixing the two solutions rapidly together, it may he 
accomplished variously; but I have found it a good method to run them in two 
streams, properly regulated in quantity, into a small cistern in which they are to be 
rapidly blended together by brisk stirring, before passing out, through a hole in the 
boitom, to. a large cistern or tank, where the precipitate finally settles. The pre- 
cipitate thus obtained is to be collected, washed and dried in the usual manner. 
It is a carbonate of lead, very nearly pure, and suitable for most purposes ; but it 
always contains a small portion of chloride of lead, seldom less than from 1 to 2 
per cent., the presence of which, even in so small a quantity, is somewhat injurious 
to the color and body of the white lead. I decompose this chloride, and convert 
it into a hydrated oxide of lead by grinding the dry precipitate with a solution 
of caustic alkali, in a mill similar to the ordinary mill used in grinding white 
lead with oil, adding just so much of the ley as may be required to convert the pre- 
eipitate into a soA paste. I allow this paste to lie a few days, aAer which, the chloride 
of lead being entirely, or almost entirely decomposed, I wash out the alkaline chloride 
formed by the reaction, and obtain a white lead, sin!iilar in composition to the best 
while lead of commerce. I prepare the caustic alkaline ley by boiling together, in a 
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leaden vessel, for an honr or two, 1 part by weight of dry and recently-slaked lime, 2 
parts of crystallized carbonate of soda (which, being cheaper than carbonate of potash, 
I prefer) and 8 parts of water. The clear and colorless caustic lie, obtained after sub- 
sidence, will have a specific gravity of about 1*090, and, when drawn oflf from the sedi- 
ment, must be kept in a close vessel for use. 

WINES. In a case tried before the court of exchequer, at the instance of the board 
of customs, in December, 1843, of an attempt to obtain the drawback upon a large 
quantity of damaged claret offered for exportation, I had observed, in my examination 
of the wine, that on the addition to it of water of ammonia to super-saturate its acid- 
ity, a large flocculent precipitate of decomposed gluten fell, and the supernatant liquor 
lost its ruby color, and became yellow-brown. I have tried sound samples of genuine 
claret, very old, as well as new, 'by the same test, and I have found the ruby color to 
remain but little impaired ; contrary to the allegation of the chemist of the defendants 
in the lawsuit. The wine was declared by the verdict of a jury and the decision of 
the judge, to be unworthy of being admitted for drawback, and therefore forfeited to 
the crown. 

WINES, BRITISH, are made either from infusions of dried grapes (raisins) or from 
the juices of native fruits, properly fermented. These wines are called sweets in the 
language of the excise, under whose superintendence they were placed till 1834, when 
' the duties upon them were repealed as onerous to the trade and unproductive to the 
revenue. The raisins called Lexias are said to produce a dry flavored wine ; the De- 
nias a sweet wine ; the black Smyrnas a strong-bodied wine, and the red Smyrnas and 
Valencias a rich and full wine. The early spring months are the fittest time for the 
wine manufacture. The masses of raisins, on being taken out of the packages, are 
either beaten with mallets or crushed between rollers in order to loosen them, and are 
then steeped in water in large vats, between a perforated board at bottom and another 
at top. The water being after some time drawn off the swollen and softened fruit, pres- 
sure is applied to the upper board to extract all the soluble sweet matter, which passes 
down through the false bottom, and flows off by an appropriate pipe into fermenting 
tuns. The residuary fruit is infused with additional water, and then squeezed ; a pro- 
cess which is repeated till all the sweets are drained off, after which the " rape" is 
subjected to severe pressure in a screw or hydraulic press. The wine, in the process 
of the vinous fermentation, is occasionally passed through a great body of the rape to 
improve its flavor, and also to modify the fermentative action ; it is afterward set to 
ripen in casks, clarified by being repeatedly racked off, and fined with isinglass. 

WOOD PAVING. Among the numerous illustrations of the durability and resist- 
ance of wood paving, reference may be made to the specimens : — 

Yrs. Mths. 
At Whitehall, 1093 yards, laid in December, 1839 - - - - 3 4 

In Fore Street, 521 yards, laid in October,. 1840 - - - - 2 6 

Under the arch in Scotland Yard,, 54 yards (8 feet wide), laid in Oct., 1841 1 6 

The first, in every respect a perfect piece of pavement, has been more than 3 years 
subjected to a constant traflic, including the utmost amount of percussion from ve- 
locity, and the extremest pressure from the ponderous engines which have been trans- 
ported over its surface. Scarce less may be said of that in Fore street, while the spe- 
cimen in Scotland Yard has successfully withstood at least a like amount of pressure, 
the traffic from the wharfs in Great Scotland Yard being no less than 78,000 tons per 
annum ; the passage, narrowed within the limit of a single carriage line, exposing the 
wood to the most critical test of resfitance. ' 

Slipper yness is not a natural defect in wood paving. The accumulations on wood 
pavement are drawn from the proximate areas of granite and macadam. In granite the 
imperfect structure admits of the constant oozing of dust and filth ; in macadam the 
surface is always wearing into dirt and slop. In dry, hot, or cold weather, the stone- 
paved streets of London are proverbially as slippery as glass, while slipperyness on 
wood pavement may be altogether obviated by cleanliness ; and that may now be ensured 
by the use of Whitworth's cleansing machine, which has already been successfully tried 
in some of the principal streets — thanks to the commissioners of woods and forests. 

It is impossible not to perceive the great amount of suffering and loss that may be 
saved in horses by the wood pavement. Cabmen and omnibus drivers assure us that, 
in the winter season, for a month or two only, there is any serious cause for complaint, 
and then there is as much or more danger on other pavements ; whereas, during 
the summer months, the advantages of wood over all other pavements is immense; the 
great mortality of horses in the streets of London, from over-driving during the hot 
weather, is well known ; so far as wood is concerned, the reduction of effort must ne- 
cessarily decrease the destruction in a greater ratio than even 5 to 2. 
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WOOD-PRESERVING. Mr. Bethell's invention consists in impregnating wood 
throughout with oil of tar and other bituminous matters, containing creosote, and also 
with pyrolignite of iron, which holds more creosote in solution than any other watery 
menstruum. 

The wood is put in a close iron tank, like a high-pressure steam-boiler, which is then 
closed and filled with the tar oil or pyrolignite. The air is then exhausted by air- 
pumps, and aAerward more oil or pyrolignite is forced in by hydrostatic pumps, until a 
pressure equal to from 100 to 150 pounds to the inch is obtained. This pressure is 
kept up by the frequent working of the pumps during six or seven hours, whereby the 
wood becomes thoroughly saturated with the tar oil, or the pyrolignite of iron, and 
will be found to weigh from 8 to 12 pounds per cube foot heavier than before. 

In a large tank, like one of those used od the Bristol and Exeter railway, 20 loads 
of timber per day can be prepared. 

The effect produced is that of perfectly coagulating the albumen in the sap, thus pre- 
veoting its putrefaction. For wood that will be much exposed to the weather, and al- 
ternately wet and dry, the mere coagulation of the sap is not sufficient ; for although 
the albumen contained in the sap of the wood is the most liable and the first to pu- 
trefy, yet the ligneous fibre itself, after it has been deprived of all sap, will, when ex- 
posed in a warm damp situation, rot and crumble into dust. To preserve wood, there- 
fore, that will be much exposed to the weather, it is not only necessary that the sap 
should foe coagulated, but that the fibres should be protected from moisture, which is 
effectually done by this process. 

The atmospheric action on wood thus prepared renders it tougher, and infinitely 
.stronger. A post made of beech, or even of Scotch fir, is rendered more durable, and 
as strong as one made of the best oak ; the bituminous mixture with which all its pores 
are filled acting as a cement to bind the fibres together in a close tough mass; and the 
more porous the wood is, the more durable and tough it becomes, as it imbibes a 
greater quantity of the bituminous oil, which is proved by its increased weight. The 
materials which are injected preserve iron and metals from corrosion ; and an iron bolt 
driven into wood so saturated, remains perfectly sound and free from rust. It also 
resists the attack of insects ; and it has been proved by Mr. Pritchard, at Shoreham Har- 
bor, that the teredo navalis, or naval worm, will not touch it. 

Wood thus prepared for sleepers, piles, post, fencing, &c., is not at all affected by 
alternate exposure to wet and dry ; it requires no painting, and after it has been ex- 
posed to the air for some days it loses every unpleasant smell. 

This process has been adopted by the following eminent engineers, viz. : Mr. Robert 
Stephenson, Mr. Brunei, Mr. Bidder, Mr. Brathwaite, Mr. Buck, Mr. Harris, Mr. Wick- 
stead, Mr. Pritchard, and others ; and has been used with the greatest success on the 
Great Western railway, the Bristol and Exeter railway, the Manchester and Birming- 
ham railway, the North Eastern, the South Eastern, the Stockton and DarUngton, and 
at Shoreham Harbor ; and lately, in consequence of the excellent appearance of the 
prepared sleepers, after three years' exposure to the weather, an order has been issued 
by Mr. Robert Stephenson, that the sleepers hereafter to be used on the London and Bir- 
mingham railway are to be prepared with it before being put down. 

The expense of preparing the wood varies from 10*. to 15*. per load, according to 
situation, and the distance from the manufactories where the material is made. 

Mr. Bethell supplies the material at a low price from his manufactories, either at 
Nine Elms, Vauxhall ; Bow Common ; or Birmingham ; and parties jwrepare the timber 
themselves. 

* For railway sleepers it is highly usefal, as the%ommonest Scotch fir sleeper, when 
thus prepared, will last for centuries. Those which have been in use 3 years and up- 
ward, look much better now than when first laid down, having become harder, more 
consolidated, and perfectly waterproof; which qualities, combined with that of per- 
fectly resisting the worm, render this process eminently useful for piles, and all other 
woodwork placed under water. Posts for gates or fencing, if prepared in this manner, 
may be made of Scotch fir, or the cheapest wood that can be obtained, and will not de- 
day like oak posts, which invariably become rotten near the earth after a few years. 



YEAST, ARTIFICIAL. Mix two parts, by weight, of the fine flour of pale 
barley malt with one part of wheat flour. Stir 50 pounds of this mixture gradu- 
ally into 100 quarts of cold water, with a wooden spatula, till it forms a smooth pap. 
Put this pap into a copper over a slow fire ; stir it well till the temperature rise to 
fully 155° to 160*^, when a partial formation to sugar will take place, but this sweet- 
ening must not be pushed too far ; turn out the thinned paste into a flat cooler, and 
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stir it from time to time. As soon as the wort has fallen to 59^ Fahr., transfer it to a 
tub, and add for every 50 quarts of it 1 qaart of good fresh beer-yeast, which will throw 
the wort into brisk fermentation in the course of 12 hours. This preparation will be 
good yeast, fit for bakers' and brewers' uses, and will continue fresh and active fo*- 
days. It should be occasionally stirred. 

When beer-barm has become old and flat, but not sour, it may be revived by mixing 
with every quart of it a small potato, boiled, peeled, and rubbed down into a paste. 
The mixture is to be placed in a warm situation, where it will speedily show its 
renewed activity, by throwing up a froth upon its surface. It must be forthwith 
incorporated with the dongh, for the purpose of baking bread. When the barm has 
become sour, its acid should be neutralized with a little powdered carbonate of soda, 
and then treated as above, when it will, in like manner, be revived. A bottle of brisk 
small beer may furnish ferment enough to form, in this way, a supply of good yeast for 
a small baking. 

The German yeast imported into this country in large quantities, and employed by 
our bakers, in baking cakes, and other fancy bread, is made by putting the vmierhej^ 
(see Beer, Bavarian), into thick sacks of linen or hempen yarn, letting the liquid part, 
or beer, drain away ; placing the drained sacks between boards, and exposing them to 
a gradually increasing pressure, till a mass of a thin cheesy consistence is obtained. 
This cake is broken into small pieces, which are wrapped in separate linen cloths ; 
these parcels are afterward enclosed in waxed cloth, for exportation. The yeast cake 
may also be rammed hard into a pitched cask, which is to be closed air-tight. In this 
state, if kept cool, it may be preserved active for a considerable time. When this is to 
be used for beer, the proportion required should l^e mixed with a quantity of worts at 
60^ Fahr., and the mixture left for a little to work, and send up a lively froth ; when 
it is quite ready for adding to the cooled worts in the fermenting back. 

Yeast, Patent. Boil 6 ounces of hops in 8 gallons of water 3 hours ; strain it off, 
and let it stand 10 minutes ; then add half a peck of ground malt, stir it weU up, and 
cover it over ; return the hops, and put the same quantity of water to them again, 
boiling them the same time as before, straiiling it off to the first mash ; stir it up, and 
let it remain 4 hours, then strain it off, and set it to work at 90^, with 3 pints of patent 
yeast ; let it stand about 20 hours ; take the scum off the top, and strain it through 
a hair sieve ; it will be then fit for use. One pint is sufficient to make a bushel 
of bread. 
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2rfNC. Mr. Nicholas Troughton, of Swansea, obtained a patent in May, 1839, 
for improvements in tjie manufacture of this metal. His invention relates to the appli- 
cation of a peculiar apparatus in roasting the ores, and in smelting the zinc. Fig. 179, 




represents the section of a series of retorts for calcining zinc ores, arranged and con^ 
structed according to this invention. The retorts shown in this figare are composed of 
a series of fire-tiles or parallelogram slabs, a, a, a, are the slabs or tiles, which con- 
stitute the bottoms of the retorts ; 6, b, are the slabs, which constitute the upper sur- 
faces or tops of the retorts ; and c, c, are slabs, placed vertically, to produce the sides of 
the retorts. The back ends of the retorts are closed by similar tiles or slabs, having a 
hole through them for the passage of the vapors evolved from the ores n these Tapof» 
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•re conveyed in any direction by the fine at that end, and being thus separated fhmi the 
piodacts of combustion, may be separately acted on, according to either of the patentee's 
former inventions, which treat of the separated vapors of copper ores in the process of 
calcining or roasting such ores ; or the separated products of the ore may be allowed to 
pass into the atmosphere. The patentee states, that by treating zinc ores in furnaces 
or retorts, such as are above described, considerable saving of fuel will result, and the 
zinc ore will be -more evenly roasted or calcined. 

The front ends of the retorts are closed by means of tiles or doors, having a small 
hole or opening in each, for the passage of atmospheric air ; and the holes may be 
closed, or more or less open, according to the object required. The retorts are chained 
through the hoppers above, which have proper slides to close the openings into the 
retorts; the quantity charged into each retort being sufficient to cover the lower surface 
thereof two or three inches deep. During the operation the ore must be raked from 
time to time, to change the surfaces, and the retorts should be kept to a moderate red 
heat. 

The second part of this invention relates to an arrangement of apparatus or furnace 
for calcining zinc ores, wherein the ore is subjected to the direct action of the products 
of combustion. Fig. 180, shows a longitudinal section of the furnace, which is so con- 




structed that while one portion of the zinc ore is being heated in a manner similar to 
the working of an ordinary calcining surface, other zinc ore is going through a pre- 
paratory process by the heat that has passed away from the ore which is undergoing 
the completing process of calcining. This furnace may be heated by a separate fire, to 
burn by blast or by draught; or the flue from the smelting furnace may be conducted into 
the entrance of this furnace, and the otherwise waste heat of the smelting furnace will 
be thus brought into useful application for calcining or roasting of zinc ore ; and 
this part of the invention is applicable, whether it be applied to the furnace, or 
to the retorts herein-before explained, and will be found a means of saving much 
fuel in the processes of obtaining zinc from ore. a, fig. 180, represents the furnace, 
which is suitable for blast, and a constant supply of fuel is kept up in the chamber 6, 
there being a close cover, with a sand-joint, c, is the bed or floor on which the ore is 
spread, in like manner to an ordinary reverberatory furnace ; the ore is stirred about 
on the floor by passing the ordinary rakes or instruments through the openings, d, d ; 
and when the process has been^sufficiently carried on, the ore is discharged through the 
openings e, e, which, at other times, remain closed by fire-tiles. The heat of the fire, ^ 
and the flame thereof, passing in contact with the ore on the floor or bed, c, also acts 
00 the roof,/, and that roof,/, being hot, reverberates the heat on to the floor or bed, 
at the same time the heat, which passes through the roof, heats the ore in the upper 
chamber, g ; and, in addition to such heat passing through the roof, the flame and 
heat from the furnace, having passed over the zinc ore, in the lower compartment of the 
apparatus, enters into and passes over the ore m the chamber g ; and, in doing so, heats 
the roof A, of that chamber, and also the ore contained therein ; and it will be seen 
that there is a third chamber, i ; the heat, therefore, which passes through the roof A, 
heats the ore in the chamber i. In working this arrangement of calcining furnace or 
apparatus, when the charge is withdrawn from the lower chamber, the charge in the 
chamber g is to be raked into the lower chamber, through the openings for that purpose, 
which, at other times, are kept covered with fire-tiles, as shown in the drawing ; and 
the charge in the chamber i is to be raked into the chamber g, and a fresh supply of ore 
charged into the chamber i. 

The third part of this invention relates to a mode of arranging a series of retorts 
side by side, and of applying heat thereto in the process of smelting or distilling zinc 
from the ore. According to the practice most generally pursued in smelting zinc, the 
ore is submitted to the action of heat in crucibles, having descending iron pipes, which 
enter into vessels containing water : all which is well understood, as well as the process 
of smelting or distilling zinc from the ores.. Fig* 181, is a side elevation of two sets of 
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furnaees and retorts, arranged according to this invention, 
one of the furnaces being in section ; and fig, 182, is a 
transverse section of the same, a, a, are a series of retorts 
of fire-clay, arranged, side by side, on a shelf of slabs or 
fire-tiles. These retorts are each closed at one end and 
open at each other, snch open end being closed, when in 
operation, by a tile or door, h, fitting closely, and luted 
with fire-clay, as will readily be traced in the drawing. 
Each series of retorts is placed in a chamber, c, c, in snch 
a manner that the heat and flame of the fire will pass 
from the fireplace or furnace, and act on one side 
of the retorts ; and having passed along all the series, will proceed to the upper 
part of the chamber, c, c, and heat the other side of the retorts ; and as the fires are 
maintained and urged by means of blasts of atmospheric air, the heat may be maintained 
and regulated with great advantage, and at comparatively small cost. The blasts of air 
may be produced by any ordinary blowing machinery, but rotatory blowers are pre- 
ferred, and the air may be cold or heated. When anthracite coal is used as the fuel, 
. the patentee prefers adopting the hot blast, at a temperature of at least 500^ Fahr.^ 
and such heatii^ may be performed by any of the weU-known means now very 
generally resorted to for heating the blasts of air for smelting iron, dy d, are inm 
pipes, descending from the retorts and entering into vessels containing water, similar to 
the apparatus at present in use for like purposes. Each chamber, c, is heated by ita 
separate furnace or fireplace, which have openings, to be closed when at work ; and in 
order to keep up a supply of fuel to the fire, each fireplace has an inclined chamber, «, 
which is filled with fuel, and then closed air-tight by the cover, /, fitting into a sand- 
bath or joint, in order to prevent draught upward. By this means the lower portion 
only of the fuel will be in an ignited state when at work, g, g, are a series of iron doors, 
one opposite the it»uth of each retort ; these doors are capable of being removed by 
sliding them upward, till the portions cut out at the sides come opposite the dips or 
holders, h, h, when the doors may be removed, in order to get at the retorts, i, is a 
chamber in which the ore is heated previous to its being placed in the retorts. The 
arrangement of the brickwork, the construction and setting of the furnaces, being clearly 
shown in the drawing, no further description need be given. 

The patentee remarks, that he is aware attempts have been made to employ retorts 
in the smelting of zinc, and he does not, therefore, claim the same generally ; but he 
does claim, in respect to the third part of this invention, the mode of placing a series of 
retorts in a chamber, c, and causing the heat and flame to pass along, under and over, 
such series of retorts, as above described ; and he also claims the mode of smelting zinc 
by means of blast, whether the heat of the fuel is caused to act on a series of retorts or 
vessels, in the manner shown, or on other arrangements of retorts or vessels, placed in 
a suitable chamber or chambers. — Newton^s Joumaly xxiii., p. 81. C, 8, 
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ALKALIMETRY, Twenty-eight years have elapsed since I was led, by peculiar 
circumstances, to construct a very simple method of testing alkalis, the principle of 
which I soon aAerward applied to acids, bleaching powder, dye-stafi*s, and most other 
chemical substances extensively used in manufactures.* In 1814 and 1815, during the 
summer vacation of my Glasgow classes, I was engaged in delivering courses of lectures 
on chemistry in the Belfast Academical Institution, and had many of the most emi- 
nent members of the Linen Board of that town for my pupils. Being occasionally 
consulted upon the qualities of the alkalis, which were used to the value of 200,000Z. by 
the linen bleachers of Ireland, I saw the importance to them of a simple alkalimetrical 
test, both for purchasing and for using their barillas and potashes. The following 
extract from the Belfast News Letter^ of July 9th, 1816, will show the nature of my 
contrivance : — 

"This day one of the porters of the Linen Hall, Belfast, was called into the library- 
room at the request of Dr. Ure, who being quite unknown to Dr. Ure, and never 
having seen any experiments made with acids and alkalis, he took the instrument at 
our desire, which being filled with colored acid, by pouring it slowly on adulterated 
alkalij which we had previously prepared, he ascertained exactly the per-centage of 
genuine alkali in the mixture. Belfast, 2dth June, 1816. 

" John S. Ferguson, Chairman. 
James M'Donnel, M. D. 
John M. Stoupe. 
• S. Thomson, M. D." 

Of these gentlemen, two Vere leading members of the Linen Board, and the others 
the two pri^ipal physicians of the town, "^he publication of the details of my method 
of alkalimetry was delayed till arrangements were made for its general introduction, 
under the direction of the Linen Board of Dublin, whose professor of chemistry, Mr. 
W. Higgins, as well as Dr. Barker, professor of chemistry in Trinity College, granted 
certificates of the " accuracy and the national importance^' of the instrument. The 
alkaline matter then imported into Ireland wasoflen largely contaminated'with common 
salt, even to the extent of 80 or 90 per cent. During the procrastination of the Board, 
I lent my Treatise on Alkalimetry to Dr. Henry, of Manchester, who inadvertently pub- 
lished an account of it, though with reference to me, in the next edition of his Elements 
of Chemistry, Having, in. the long interval since, contrived many modifications of the 
instrument, and having extended its principle to testing other articles I am induced to 
offer it now to the world, in consequence of the recent appearance'of a publication upon 
the same subject, by two very ingenious chemists of Liebig's school, Drs. R. Fresenius 
and H. Will. Of their system of alkalimetry, &c., a copious abstract appeared in the 
Awaalen ier Chimie und Pharmacie for July last, and about the same time a pamphlet 
was published by Winter, at Heidelberg, under the title Neue Ver/ahrungsweisen zur 
Bestimmung des Werthes der Pottasche und Soda, der Sauren, und des Braunstein ; or 
" New Processes for determining the Value of Potash and Soda, of Acids, and Black 
Oxide of Manganese.^' However accurate these processes may be, and however apt 
for a German or French student of chemistry, they are, in my apprehension, not at all 
fitted for the familiar use of manufacturers and dealers in any country, and certainly 
not for those of the United Kingdom. 

Descroizilles was the first person who contrived an instrument, called an alkalim- 
eter, to ascertain the alkaline strength of potash and soda, without much calcula- 
tion. His method was described in the JSmnales de Chimie for 1806, tom. Ix., 
and a translation of it appeared in our Philosophical Magazine, vol. xxviii., for July 

* Among others to nitrate of potash, nitrate of soda, and to white lead, either in powder or in paint. 
My nitrometer enables a person not at all versant in chemistry to ascertain in a quarter of an tiour, 
Imt by two distinct processes, the quantity of pure nitrate in either of these salts, to one part in SOO. 
The cerussa-meter is equally simple and expeiditious. 

19 
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and Aiijf^ust of the following year. His apparatus consisted of a glass tube, -8 or 9 
inches long, and 7 or 8 lines in diameter, closed at one end, but terminated at i he 
other in a kind of small funnel (with a beak or spout), connected to the tube by ;i 
narrow neck, having a ^calibre of two lines and a half. Upon the shoulder, under 
the throat, there was a hole for admitting air ta the long tube in thp act of being 
emptied, by sloping its mouth downward. This cylindrical vessel was to contain 
38 grammes of water, which space was divided into 76 equal parts, which it was 
extremely important to proportion accurately. The liquor was prepared by taking 
concentrated sulphuric acid, at 66^<iBaumc ( 1*845 spec, grav.), and diluting it with 
nine times its weight of water. The instrument being poised in a balance, he 
introduced into it very exactly two grammes of the above test acid, and when the 
instrument stood upright, he scratched a line at the level of the liquor, and thus 
proceeded by addition of successive grammes to graduate the whole, till 36 were 
added, after which he subdivided these spaces by lines into 72 demi-gramme volumes. 
He then proceeds to describe eight different subsidiary articles required for his oper- 
ations : — 

<< Mkalimetrical triaU of potash, — ^Weigh exactly one demi-gramme of potash, put it into 
R glass, and pour upon it about four fiAhs of a decilitre of water ; facilitate the solution of 
the potash by stirring it with a small chip of wood, three or four times in an hour and a 
half, a minute at each time. When the solution is effected, pour it into the small .tin 
measure. No. 4, which is to be then filled up with water ; pour it back again into the 
glass, in which you must still pour a measure full of pure water ; stir this new mixture 
also three or four times within half an hour, in order to facilitate the precipitation of a 
slight sediment, which soon falls down. This sediment being completely formed, 
slope the glass with caution, in order to fill with clear liquor the smaU measure ; then 
empty this last into another large glass ; after this place round the edges of a plate 
drops of syrup of violets ; pour also into the alkalimeter test liquor until the line 
marks ; lake it afterward with the left hand, inclining it upon the glass which con- 
tains the moiety of the clean alkaline solution: the acid liquor will fall into it by hasty 
drops, or in a very small thread, which you may moderate at pleasure, by retarding the 
entrance of the air at the lateral hole or vent, upon which must be placed the end of 
tlie finger ; at the same time, with a small stick or match, assist the mixture and fa- 
cilitate the development of the carbonic acid which is manifested by eflTervescence. 
When you have emptied the alkalimeter to about the line 40, try if the saturation 
approaches, by drawing your small stick from the mixture, and resting it upon the 
drops of syrup of violets, which should become green, if the potash is not of a very 
inferior quality. If, on the contrary, the violet color is hot altered, or what would 
be worse, if it be changed into red, there j^ould be, in the first case, an indication of 
saturation, and in the second a proof of super-saturation. But this is not the case with 
good potashes ; at that line, the liquor tried can alter the syrup of violets into green 
only; or cause to return to the violet, and even to the green, the drops which had been 
changed into red at the time of a former trial ; we must, therefore, in general add more 
acid, which occasions a new effervescence. This addition must always be made with 
caution, and we must touch every time a drop of syrup of violets in order to stop. 
When at last the latter assumes a red hue, then, after having restored the alkalimeter 
to a perpendicular position, in order to see at what line the testing liquor stops, you 
must reckon one degree less, in order to compensate the excess of saturation. The 
mean term of potashes is 56; this implies that they require for their saturation ^/^y^w 
hundredths of their weight of sulphuric acid." 

For the analysis of commercial sodas of all kinds, M. Descroizilles prescribes using 
ten and a half deci-grammes of this alkali, instead of the ten deci-grammes for potashes, 
and proceeds ^b above detailed. In his table of results annexed, we find American 
potashes caUed 60° to 63^. 

American pearlashes ... SQo to 55^ 
Dantzic potash - - • - 45 to 55 

Alicantsoda - - - - 20 to 33 

It is obvious, from these statements, that the alkalimeter so made and graduated 
denoted comparative, but not absolute, quantities of alkalis present in the com- 
mercial samples. The rest of his very long memoir is occupied with what he calls tbe 
graduation of potashes and sodas, the economy of their graduation, the proportions of 
carbonic acid in them, the processes of caustification, the presence of potash in aU 
lime which is burnt by a wood fire, origin of neutral soda, and probable origin of 
natrum; without any more explicit instructions. The instrument, as left in this vague 
state, never was employed, nor could it come into use, among EngL'sh manufacturen 
and dealers. 
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The next alkalimeter, of which an account has been published, was my own. In con- 
structing this instrument, I availed myself of the lights recently shed on chemical pro- 
portions by Dr. Dalton's atomic theory, and I thus made it to represent, not relative, but 
absolute measures of the amount of real alkali existing in any commercial sample. 
The test-liquor used at that time was sulphuric acid, which is most readily and accurately 
diluted to the requisite degree by means of a glass bead, very carefully made, of the 
specific gravity that the standard acid should have. In order to make the test-liquor, 
therefore, nothing more is requisite than to put the bead into distilled water, and to 
add to it somewhat dilute but pure sulphuric acid, slowly and with agitation, till the 
bead rises from the bottom, and floats in the middle of the liquor at the temperature of 
60-^ Fahr. The delicacy of this means of adjustment is so great, that a single degree of 
increase of heat will cause the bead to sink to the bottom — a precision which no hydrom- 
eter can rival. The test-tube, about 14 inches long, contains generally 1,000 grains 
of water, and is graduated' into 100 equal parts by means of equal measures of mercury. 
The test-liqaor is faintly tinged with red cabbage or litmus ; so that the change of 
color, as it approaches to the saturating pitch, on adding it to 100 grains of the com- 
mercial alkali, becomes a sure guide in conducting the experiment to a successful issue. 
One hundred measures of this test-liquor neutralize exactly 100 grains of absolute soda 
(oxide of sodium), and of course very nearly 150 of potash. A bead may also be ad- 
justed for test-liquors, of which 1,000 grain measures neutralize 100 of potash, and 
therefore 66$ of soda, as well as other proportions, for special purposes of greater 
minuteness of research. One may be so graduated as to indicate clearly a difference of 
j^ of a grain of ammonia. In making such nice experiments, it is of course requisite 
to free the alkaline matter beforehand from sulphurets, sulphites, and hyposulphites, by 
igniting it in contact with chlorate of potash, as long since recommended by Gay- 
Lussac. With such means in careful hands, all the problems of alkalimetry may be 
accurately solved by an ordinary operator. 

On the sarfie principle, my Acidimeter is constructed j pure water of ammonia is 
made^ of such a standard strength by an adjusted glass bead, as that 1,000 grain Pleas- 
ures 'of it neutralize exactly a quantity of any one real acid, denoted by its atomic 
weight, upon either the hydrogen or oxygen scale or radix ; as for example, 40 grains 
of sulphuric acid. Hence it becomes a universal acidimeter; after the neutralization 
of 10 or 100 grains of any acid, as denoted by the well-defined color in the litmus- 
tinted ammonia, the test-tube measures of ammonia expended being multiplied by the 
atomic weight of the acid, the product denotes the quantity of it present in 10 or 100 
grains. The proportion of any one free acid in any substance may thus be deter- 
mined with precision, or to one fiftieth of a grain, in the course of five minutes; Like 
methods are applied to Chlorometry, and other analytical purposes, with equal facility ; 
adapting the test-liquor to the particular object in view. Instead of using beads for 
preparing the alkalimetfic and acidimetric test-liquors, specific gravity bottles, or hy- 
drometers, may of course be employed ; but they furnish incomparably more tedious, 
and less delicate means of adjustment. To adapt the above methods to the French 
weights and measures, now used generally also by the German chemists, we need only 
substitute 100 deci-grammes for 100 grains, and proceed in the graduati(m, &c., as 
already described. 

The possession of two reciprocal test-liquids affords ready and rigid means of verifi* 
cation. For microscopic analyses of alkaline and acid matter, a graduated tube of 
small bore, mounted in a frame with a valve apparatus at top, so as to let fall drops of 
any size, and at any interval, is desirable ; and such I have employed for many years. 
Of this kind is my ammonia-meter, used in the ultimate analysis of guanos and other 
azotized products, in conjunction with a modified apparatus on the 4)rinciple of that 
of Varrentrapp and Will. It maybe remarked, that when the crude alkali contains 
some hyposulphite, it should not be calcined with chlorate of potash, because one atom 
of hyposulphnrous acid is thereby converted into two atoms of sulphuric, which 
of course saturate double the quantity of alkali, previously in combination with the 
hyposulphurous acid. In such cases it is preferable to change the condition of 
the sulphurets, sulphites, and hyposulphites, by adding a little neutral chromate of 
potash to the alkaline solution, whence result sulphate of chromium, water, and 
sulphur, three bodies, which will not affect the accuracy of the above alkalimetricid 
process. 

In the jSwnah of Philosophy for October, 1817, 1 described a new instrument for 
analyzing the earthy and alkaline carbonates, and for determining the quantity of baae 
present in them from the volume of carbonic acid, disengaged by their solution in acids, 
upon the data of the atomic theory. This method was applied to the analysis of the 
carbonates of ammonia, soda, potash, lime, magnesian limestone (dolomite), &c. 

<* rhe indications of the above analytical instrument are so minute as to enable us, 
by the help of the old and well-known theorem for computing the proportions of twv 
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metaUi from the specific gravity of an alloy to dedace the proportions of the bases from 
the volume of gas disengaged by a given weight of a mixed carbonate.'^* 

That small instrument consisted of a bent glass tube, open at one end, and terminated 
at the other with an egg-shaped bulb from two to three inches in diameter, and it 
required for operating with it, about five pounds of quicksilver. The following glass 
apparatus (^Sg. 183) will be found more generally convenient, and equally- exact, a is 
a cylinder, 2 inches in diameter, and 14 inches long. It con- 
tains 10,000 grains of water in the graduated portion ; 0, or zero 
being at the top. It has a tubulure in the side close to the 
bottom, through the cork of which a short tube passes tight, and 
is connected to a collar of caoutchouc, e, which serves for a joint 
to the upright tube, b, resting near its open upper end in a 
hooked wire. Through the cork in the vuMth of the cylinder, 
the taper tail of the flask c passes air-tight. The small tube r, 
open at both ends, is cemented at bottom into the tail of c, and 
rises to the shoulder of the flask. The cork of c is perforated, 
and receives air-tight the taper tube r, which can also be closed 
with the stopcock. 

In operating with this apparatus, proceed as follows : — 
FUl the cylinder with water, and cover its surface with half 
an inch of oil. Insert the tail of the flask. Put into the flask 
c> 58*6 grains of carbonate of potash, or 45*2 of carbonate of soda, 
according as common pearl-ash or soda-ash is to be tested, along 
with as much water as will cover fully the lower end of d, and 
then introduce this tube. Have a bottle containing about 40 
parts of oil of vitriol, previously mixed with 60 of water, and 
cooled. Take of this, in a pouring or dropping glass, 100 water 
grain measures, and sock this quantity gradually up into the tube 
p, then shut the stopcock. On opening it slightly the acid will 
fall into c, and as slowly as may be prudent. The carbonic acid 
gas, forthwith disengaged, will depress the water in a, cause an 
overflow of it from the lube b, which, being held in the left hand, 
I must have its swanbeak placed over a basin, and progressively 
I lowered to the level of the descending water in the cylinder. 
JB When all the sulphuric acid has been introduced by the right 
^1 hand, the orifice of d is to be corked, and the tube b continually 
~::!t0 lowered with the left, till the eff'ervescence being finished, the 
r _ '' water in a remains stationary. The number on the centigrade 
scale, opposite to the surface of the oil, deducting 100 grain meas- 
ures for the bulk of dilute acid added, denotes the per-centage of pure carbonate of pot- , 
ash, or of soda, in the sample under examination. The above prescribed weights of these 
two carbonates, when pure, disengage each by the action of sulphuric acid (used here 
in small excess) 10,000 water grain measures of carbonic acid gas, or 100 measures 
of the scale on a. The cylinder whtCh I employ contains about 12,000 water grain 
measures, so that the bottom of the centigrade scale is fully two inches above the level 
of the lower tubulure. This capacity and the graduation into 120 parts, will be found 
eonvenient in certain cases, particularly in analyzing bicarbonates of potash and soda.f 
We may estimate 10,000 water grain measures of carbonic acid at 60^ Fahr., to 
weigh 18*4 grains, and we thus perceive what a magnified scale we should possess, if 
we applied the vernier contrivance here, as we do to barometers. At any rate, he must 
be an awkwan^ operator who can not determine the value of an alkaline carbonate, by 
the above means, to one part in a thousand. 

In operating upon limestones, marles, &c., 42*1 grains should be taken as the 
standaiti weight of assay, because that weight of pure carbonate of lime should give 
out on solution in dilute muriatic acid 10,000 water grain measures of carbonic acid 
gas. Since 100 water grain measures of liquid hydrochloric acid, specific gravity 1*14, 
will supersaturate the lime in the above weight of carbonates, that quantity may be 
used in the experiment. The preceding instrument will be found more convenient in 
experimenting, as also the system of indication, than one on similar principles ccm- 
structed by the ingenious Dr. Mohr, of Coblenz. ^ 

In examining bicarbonates of potash and of soda, the weights to be used in the above 
apparatus are 42 grains of the former, and 35^ grains of the latter, each of which 

* Dictionary of Chemistry ^ 1821. 

t For the greatest precision hot acid may he used In the above experiment, by taking in a graduated 
test-tube serenty-five grains of water, and filling it up to the line 100 with concentrated sulphuric acid. 
This mixture being poured hi successive portions into the flaslc c (represented much too large in pro- 
portion to the cylinder a), will ensure the expulsion of all the carbonic acid from c, which may be aner- 
waid Qooled by wrapping round it a towel dipped in cold water. 
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quantitles, if the salts be perfect, will disengage 10,000 water grain measures of car- 
bonic acid gas, bj the action of sulphuric acid. There will be no harm in taking the 
formerly prescribed measure of the sulphuric acid though considerably less would 
answer the purpose. The centigrade measures of gas obtained in a will indicate the 
carbonated state of the two alkalis respectively. Their alkaline force may be most 
readily ascertained by my old alkalimeter, with colored test acid. Since the bicar- 
bonates usually sold in our shops, especially that of soda, are far from being exact 
atomic compounds, they should be always examined, both for their base and acid, 
which may also be well done in the following way, where the quantity of carbonic acid 
gas is determined by weight instead of by volume. 
For this purpose, a small compact apparatus of the annexed form (fig. 184) will be 
found convenient; it is to be used in conjunction with my 
alkalimeter. a in the dotted line is the phial for receiving 
the carbons^ to be tested, b, the funnel into which the 
test acid is to be poared ; c c, an inverted syphon filled 
with pieces of chloride of calcium for absorbing the aqueous 
vapors exhaled by the carbonic acid. The loss of weight 
in the phial above that in the tube of test acid shows the 
quantity of acid gas, and the indication of the alkalimeter 
tube, that of alkaline base, from which data the proportion 
of neutral carbonate and bicarbonate may be immediately 
deduced. Thus, 100 grains of bicarbonate of soda should 
give out 51i grains of carbonic acid, and saturate 37*6 cen- 
tigrade measures of the test acid, equivalent to 37*6 grains 
of real soda. But if neutral carbonate of soda be present, 
less gas will be given out, and more or less alkali may be 
indicated, according to the degree of dryness of the neutral 
soda. The amount of water in the bicarbonate may be de- 
termined by igniting 20 grains in a test tube, connected with 
the chlorcalcium inverted syphon ; 10} grains of carbonic 
acid gas should be expelled, and 2) of water, making a total 
loss of 1211. grains, of which 2| will be found as water ab- 
sorbed by the chlorcalcium. But since a very moderate heat 
suffices to expel the second atom of carbonic acid from the 
bicarbonate of soda, the readiest mode of estimating its 
quality is to heat, over a spirit lamp, in a small flask, or 
retort, connected aii>tight by a tube with the mouth of the 
cylinder a, (fig, 183), 70| grains of the supposed bicarbon- 
ate. Of the perfect salt this quantity should give out pretty 
exactly 10,000 grain measures of gas ; and whatever aliquot part of this volume is 
evolved will indicate, without calculation, the relative value of the substance as a 
bisalt. Thus if 8,500 grain measures of gas are obtained, 85 parts of bicarbonate 
of soda are present in 100. The crystalline form of bicarbonate of potash is a tolerably 
good criterion of its quality. 

The quantity of caustic alkali mixed with carbonate may be readily determined, 
with sufficient accuracy, by the expert use of my alkalimeter ; because, till the caustic 
portion be nearly neutralised, little or no carbonic gas is expelled. When the 
effervescence at length begins, the test measures already expended denote the per- 
centage of caustic alkali. It is not right to disregard the alkali which is present in the 
state of sulphuret, because as such it is effective in many processes of the chemical arts ; 
in the manufacture of yellow soap, crown glass, in the bleaching of linen and cotton 
goods, &c. The alkalimeter, directly applied, will show the alkali present in this form, 
when compared with that indicated after ignition of the crude alkali with chlorate of 
potash, or after its treatment with yellow chromate of potash.* 

A few years ago I had the following apparatus made for the ready analysis of car- 
bonates, by ascertaining the loss of weight they suffered from the disengagement of their 
carbonic acid gas, during iheir solution in an acid, a, b (fig, 185) are two globes, of about 
two inches in diameter each ; a has its inferior neck strangled into a bore nearly capil- 
lary ; B stands lower, with its centre line on a level with the narrow neck of b. The 
tubes of these globes are about one half inch in diameter, c is shut at top with a per^ 
forated cork, through which enters, air-tight, a small glass tube, which is bent across to 
the mouth of the tube e, and then passes down into it a little below the centre line of 

* If the alkaline carbonate contains salphnret, sulphite, or hyposulphite, a teaspoonfol of yellow 
chromate of potash may be added to it, wherefrom result sulphate of chromium, water, and sulphur, 
which remain in the apparatus without effecting its weight. The mutual action of neutral chromate of 
potash, and of sulphuret of potash, Ac, has been discussed in an ingenious paper published by Dopping, 
in the AnnaUn dor Chimut fot May, 1843, p. 179. 
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the globe b. This globe is rather more than ha]f filled with sulphuric acid; when the 

iastrument is employed in the analysis of the carbonates. The standard weight of car- 
bonate of soda = 24| grains, orof carbonate of potash «= 
31| grains, is then put into a, having previously laid a 
minute globe of glass over the lower orifice ; the cork, 
with its small tube, is now firmly adjusted; and the appa- 
ratus is weighed in its upright position, either by suspen- 
sion with a hook to the end of the beam, or by resting it on 
the scale in a light socket of any kind. It is next laid hold 
of, and inclined so as to cause a little of the acid in b to pass 
over into a. Effervescence ensues with greater or less 
vehemence, according to the nature of the carbonate and 
quantity of the acid introduced. Should it be too violent, 
and threaten a#overflow by intumescence, it can be in- 
stantly abated to any degree by the slightest slope of the 
instrument. Now, this power of control forms the pe- 
culiar feature and advantage of .this contrivance ; whereas 
in all other forms of such apparatus that I know, whether 
by sucking over or pouring in, if a little too much acid 
comes upon the carbonate, the experiment is effectually 
marred. The gas disengaged in a must necessarily tra- 
verse the sulphuric acid in b, and be stripped of its 
moisture before escaping into the air. Having super- 
saturated the alkaline base, and cooled the apparatus, 
we weigh it again, and the loss of weight in grains and 
tenths denotes the per-centage of soda or potash, provided 
their neutral carbonates had been the subjects of experi- 
ment. For limestone, on the same plan of computation, 
22{ grains may be taken. It deserves to be noted, that the 
present instrument has only one junction, and needs no 

chloride of calcium, a substance so apt by its swelling to burst the glass tubes that 

contain it.* 

11. ACIDIMETRY. 

I have already stated, that water of ammonia of standard strength, faintly tinted 
with Utmas, affords a most exact and convenient acidimeter, when poured or let fall 
firom a graduated dropping-tube. Bicarbonate of potash also, when dissolved in water, 
so that 1,000 grain measures contain one atom of the salt counted in grains, is a good 
test-liquor for the same purpose ; for if the centigrade measures expended in effecting 
neutralization are multiplied by the atomic weight of the given acid, the product is the 
quantity in grains of acid present. 

•tfcu^tme^ry may be likewise exactly performed by measuring in the cylindric gas- 
meter (fig. 183) the volumes of carbonic acid gas disengaged from pure bicarbonate of 
potash or soda, by a given weight of any acid, taking care to use a small excess of the 
salt. Thus, for example, 16*8 grains of dry and 20f of hydrated sulphuric acid disen- 
gage 10,000 water grain measures of «gas from bicarbonate of pota'sh. Therefore, if 
20f grains of a given sulphuric acid be poured into the fiask of fig, 183, upon about 50 
grains of the bicarbonate, powdered and covered with a litlle water, it will cause the 
evolution of a volume of gas proportioned to its strength. If the acid be pure oil of 
vitriol, that weight of it will disengage 10,000 grain measures of gas ; but if it be 
weaker, so much less gas — the centigrade measures of which will denote the per-cent- 
age value of the acid. If the question be put, how much dry acid is present per cent, 
in a given sulphuric acid, then 16*^ grains of the acid under trial must be used ; and 
the resulting volume of carbonic acid gas read on the scale will denote the per-centage 
of dry acid.f 

For nitric acid, we should take 22*6 grains ; for hydrochloric or muriatic acid, 15*34 ; 
for acetic acid, 21*6 ; for citric acid, 24*6 ; for tartaric acid, 28 grains : then in each 
case we shall obtain a volume of carbonic acid gas proportioned to 4he strength and 
purity of these acids respectively. The nitric, hydrochloric, and acetic acids are re- 
ferred to in their anhydrous state ; the tartaric and citric in their crystalline. If the 
latter two acids be pure, a solution of 24*6 grains of the first and of 28 of the last 

* 1,000 water grain measures of sulphuric acid of specific gravity 1032, or 32 above water, neutralize 
33 grains of soda, and, consequently, one aioiu, on the hydrogen scale, of each of the other bases, 
reckoned in grains. 

Having in the course of many years subjected my tables of sulphuric, nitric, and muriatic acids, as 
well as of ammonia, to strict cross-examination, I have found them trustworthy for all alkalimetrical 
and acidimetrical purposes. 

t The bicarbonate must be free from carbonate, a point easily secured by washing its powder with 
•old water, and drying it in the air. 
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wiU disengage from 60 grains of bicarbonate of potash 10^000 grain measures of €ar. 
bonic acid gas.* 

Acidimetrical operations may likewise be performed by determining the wHghi of 
carbonic acid gas expelled from the bicarbonate of potash or soda, by a given quantity 
of any acid, in the apparatus either ^g. 184, op^g; 185. Here the weights to be taken 
are as follows, in reference to' 



Grains. 

9-127 
12-33 

8-29 
11-67 
13-31 
15*13 



Dry Sulphuric acid 
« Nitric - - - - 
" Hydrochloric 
" Acetic - . - 

Crystallized Tartaric - 
" Citric - 

Each of these quantities of real acid, with 25 or 26 grains of bicarbonate of potash, 
will give off 10 grains of carbonic acid gas ; and hence whatever weight the apparatus 
loses, being reckoned in grains and tenths of a grain, denotes the 
per-centage of acid in the sample under trial, without the ne- 
cessity of any arithmetical redaction. Persons accustomed to 
the French metrical system may use deci-grammes instead of 
grains, and they will arrive at the same per-centage results. 

The preceding experiments, in reference to the weight of car- 
bonic acid gas expelled for the purpose of either alkalimetry or 
acidimetry, may also be made by means of the ordinary apparatus 
represented in^g. 186. a is a small matrass which contains the 
acid or carbonated alkali at its bottom ; and conversely the alkali 
or acid, for their mutual decomposition in the small test-tube, 
</ ^ >vj| shown first at b nearly upright and filled, but afterward at a, 

]j I horizontal and emptied, b is a bulbous tube filled with frag- 

^^^ meats of chlorcalcium for absorbing the aqueous vapor that 

rises with the carbonic acid gas, and d c ia a small bent tube 
which dips into the liquid in the matrass. The weighings, &.C., 
may be conducted as already detailed; and when the effer* 
vescence is completed, the residuary gas is sucked up through 
B, while the atmospheric air enters to replace it at the orifice d 
of the bent tube. 

The NEW methods which pervade the whole treatise of Drs. 
Fresenius and Will are all based on the principle of estimating 
alkalinity, acidity, and the oxygen in manganese (or chlorom- 
etry) by the weight of carbonic acid gas evolved. As in 
taking these measures the gas must be discharged without 
carrying water off with it, an elegant and ingenious little piece 
of apparatus has been invented by the authors for effecting that 
purpose, and it will do it well, a and b (fis^. 187) are two flasks (wide-mouthed 
medicine-bottles may be employed). A must have a capacity of from 2 ounces to 2| 

ounces of water; it is advisable Ihat b should be 
somewhat smaller, say of a capacity of about 1 to 
1^ ounces. Both flasks' are closed by- means of 
doably perforated corks. These perforations serve 
for the reception of the tubes a, c, and d. c is a 
tube bent twice at right angles, which enters at 
its one end just into the flask a, bat descends at 
its other end, near to the bottom of b. These tubes 
are open at both ends when operating ; except the 
top end 6 of the tube a, which is closed by means 
of a pellet of wax. The substance to be ex- 
amined is weighed and put into the flask a, into 
which water is then poured to the extent of one 
third of its capacity, b is filled with common 
English sulphuric acid to about half its capacity. 
Both flasks are then corked (by which they be- 
come united by the rectangular tube), and the ap- 
paratus is weighed. 

The air ol' the whole apparatus is next rarefied by 
applying suction to the tube d : the consequence is,, 
that the sulphuric acid contained in b ascends into 

* The expulsion of the gas may be completed by surrounding the fluk with a towel dipped in hot 
water. 
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the tab« e, and thus a portion of it flows over into b. Immediately upon its coming 
into contact with the carbonate contained in a, carbonic acid gas is disengaged, and in 
its escape mnst necessarily traverse the oil of vitriol in b, and therein deposite all its 
aqueons vapor before issuing from d. The sulphuric acid in passing over into a heats 
the mixture at the same time, and thus promotes the expulsion of the gas. Whenever 
this ceases to flow, a little more sulphuric acid must be sent over into a by suction 
from d (or rather from a recurved tube attached, pro tempore, to it) ; an artifice which 
may be repeated till no more gas can be expelled, even when the contents of A are 
heated, as they must be at the end by the excess of oil of vitriol. 

<*' From the aperture b of the tube a, which has been all the time closed, the bit of 
wax is now to be removed, and to the tube connected with d, suction is to be applied, 
till all the carbonic acid lodged in the apparatus be replaced by atmospheric air. The 
whole is to be then cooled, wiped, and weighed ; the loss of weight indicates exactly 
the quantity of carbonic acid which existed in the carbonate submitted to experiment. 
The process is no less neat than it is simple, and does honor to the ingenuity of its in- 
ventors. Their mode of deducing the per-centage of alkali from the quantity of 
earbonic acid discharged in the operation is also quite exact, and suitable for con- 
tinental chemists familiar with gramme weights and calculations, but certainly not for 
persons conversant only with ounces, drams, and scruples, or even with grain subdi- 
visions. The whole book, however excellent, needs, for the British pudic, transpo- 
sition, before it can serve in this country the purpose intended by its scientific authors. 
Thus, in section 4, where several results of their analyses are given, the statements 
have a somewhat mysterious aspect. Should any one ask why the oracular number of 
^ 4*83 grammes of carbonate of soda is used as their standard weight for analysis, he 
can obtain no response in the book, either in a note or anywhere else. A German or 
French student, familiar with chemical computation, will probably be able to discover 
that 4*83 grammes of pure carbonate of soda contain, by Berzelius^s tables of atomic 
weights, 2 grammes of carbonic acid; for 53*47 (1 atom of carbonate) : 22*15 (1 of 
earbonic acid) : : 4*83 : 2*00. Such is the simple solution of this apparent enigma, 
and of some other similar puzzles in the book. Indeed, unless the reader is aware of 
that proportion, he can not see the grounds of the accordance in the results between 
experiment and theory, or why the numbers 2*010, 1.993, and 2*020, are presented as 
specimens of great precision. This accordance gives satisfaction when it is known 
that these numbers, in experiments 1, 2, and 3, oscillate on one side or other so near to 
the theoretical number 2*00. But 4 grammes and 83 centi-grammes, as also 1 gramme 
and 995 milli-grammes, are awkward weights for an ordinary English chemist or 
apothecary, which would require a month or two's residence in the laboratories of 
Giessen and Paris to manipulate with readiness. 

Again, in testing carbonate of potash, our authors take 6*29 grammes as their unity of 
weight, undoubtedly, because, if pure, it should discharge, by saturation with the sul- 
pKuric acid, 2 grammes of carbonic acid. Here, however, they have not stuck so rigidly 
as the school of Giessen usually does to Berzelius's atomic numbers ; for his atom of 
carbonate of potash is C9-42; whence, 22*15 : 69*42 ; : 2*00 : 6*68, hydrogen = 1*00; 
or 276*44 : 866*33 : : 2*00 : 6*268 oxygen = 100. 

Admitting the value of the new inethod in testing neutral carbonates, it can not be 
directly applied to the mixed carbonate and bicarbonate of soda, so commonly soM 
in this country for bicarbonate ; nor is it applicable to the case of a mixture of caustic 
and carbonated alkali, without the tedious process of previous treatment with car- 
bonate of ammonia and heat. 

The new German method of actdimetry consists in determining how much carbonic 
acid gas is disengaged from a standard bicarbonate of soda, by a given weight of any 
acid. The twin-flask apparatus (fig, 187) is used. The weighed portion of acid is 
put into A, and a sufficient quantity of the soda into a test-tube, which is suspended 
upright with a silk thread fastened by the pressure of the cork to the mouth of the 
flask. On letting the thread loose, the test-tube falls, and the cork being instantly re- 
placed, the whole gas evolved is forced to pass through the sulphuric acid in b, and 
there to deposite its moisture. The experiment- is conducted in other respects as already 
described for alkalimetry. 

The following extract from Drs. Fresenius and Will's New Methods of ^Jkalimetry, 
&c., will show the Giessen plan of calculating results : — 

'< The amount of anhydrous acid contained in the hydrated acid under examination 
is determined from the amount of carbonic acid escaped, as follows : — 

" Two measures of carbonic acid bear the same proportion to one measure of the 
anhydrous acid in question, as the amount of carbonic acid expelled does to the amount 
sought of anhydrous acid. Thus, let us suppose, for instance, we have examined 
dilute sulphuric acid, and obtained 1*5 grammes of carbonic acid, the arrangement 
would be : — 
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550(2 X 275): 501 = 1-5 :« 
a? =1-36. 

The amount of sulphuric acid operated upon consequently would contain 1*36 
grammes of anhydrous acid. Let us suppose the weight of this amount to have 
been 15 grammes, the sulphuric acid under examination would contain a per-centage 
amount of 9*06 ; for 

15 : 1-36 = 100 : :r 
a:=9-06."* 

<< Section XXIX. Stating the QuantUiet of the various Acidt to be used in their 
Examination. — To enable our readers at once, without the trouble of calculation, to 
determine from the weight of carbonic acid expeUed, the exact amount of anhydrous 
acid contained in those acids which are of giost frequent occurrence, we have subjoined 
lists of certain quantities to be taken of each acid for experiment, so that the number 
of centi-grammes of carbonic acid expelled will directly indicate the per-centage amount 
of anhydrous acid in the acid under examination. 

" Multiples of those weights may of course be substituted for the numbers given, 
according to the degree of dilution of the acid under examination. In such cases the 
number of centi-grammes of the carbonic acid expelled must be divided by the same 
number, which has served as the multiplier. 

<^ These numbers are obtained by (Uviding the atomic weight of the acid by 550 
(2 X 275, one eq. of carbon),t as follows : — 

'' Two eq. of carbonic acid, corresponding to one eq. of the acid to be exam* 
ined, how much should be taJcen of the latter to expel 1*00 grammes of carbonic 
acid? 

'' The arrangement of sulphuric acid, for instance, is as follows : — 
550 : 501 = 1-00 : x 

a: = 0'91 (or, more correctly, 0'911). 

** When examining acids, it is most advisable to use that multiple of the unity (ac- 
cording to the degree of concentration) which will expel from one to two grammes of 
carbonic acid. 

'*!. SULPHUBIC ACID, 



Unity 0'91 grammes (or, more correctly, 0*911 


grammes). 


Multiples :— 




2 X 0-911 = 1-822 grammes. 


3 X 0-911 = 2-733 


cs 


4 X 0-911 = 3-644 


€C 


5 X 0-911 = 4-555 


(( 


6 X 0-911 = 5-466 


(( 


7 X 0-911 = 6-377 


u 


8 X 0-911 = 7-288 


<c 


9 X 0-911 = 8-199 


<c 


10 X 0-911= 9-110 


C( 


15 X 0-911 = 13-665 


(< 


20 X 0-911 = 18-220 


<( 


30 X 0-911 = 27-330 


" '&c. 



*< Thus, knowing that 0*91 of anhydrous sulphuric acid will expel 1*00 of carbonic 
acid, it will be easy to determine what multiple ought to be used, according to (jjie de- 
gree of concentration of the acid to be examined."! 

III. CHLOROMETBT, 

jSnd the testing of Black Oxide of Manganese for its availabie Oxygen, 

The value of manganese may be estimated very exactly by measuring the quantity 
of chlorine which a given weight of it produces with hydrochloric acid ; the chlorine 
being at the same time estimated by the quantity of solution of green sulphate of iron, 
which it will peroxidize. A process of this kind was long ago practised with chloride 
of lime (bleaching powder or liquor) by Dr. Dalton; and it has been since improved 
by Mr. Waltercrum. As the conversion of two atoms of green sulphate of iron into 
red sulphate requires only one atom of oxygen, this change may be effected by the 
reaction of one atom of chlorine in liberating one atom of oxygen, while this appro- 
priates one of hydrogen from the hydrochloric acid. 

* New Methods of Alkalimetry, ^c, pp. 93, 94. 

t A typographical error in Mr. Bullock's edition ; it should be earbomc odi. 

XNew Method* of AOtaHMetry, 4e.» pp. 103-109. 
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The weight of 2 atoms of green sulphate of iron is 278 = (139 X 2), consisting of 2 
atoms of protoxide = 72, X. 2 of sulphuric acid = 80. X 14 of water = 126 ; in all = 278 ; 
and this weight is equivalent to 36 of chlorine, to 8 of oxygen, and to 44 of peroxide of 
manganese.* Therefore, if we take a solutioh of copperas, containing 278 grains in 
1,000 water grain measures, that volume of liquid will represent, by the conversion of 
its protoxide into peroxide, exactly one atom, either of peroxide of manganese = 44 
grains, or 1 atom of chlorine = 36. Hence the following plan of research : — 
Into the flask or phial c of my chlorometric apparatus (fig, 188), put 100 grains of the 
manganese to be tested, and into the globes a, b, pour out 
of an alkalimetrical tube charged with 1,000 grain measures 
of the above equivalent copperas solution, from 200 to 500 
grain measures, according to the supposed quality of the 
manganese; then introduce through the funnel d, some hydro-' 
chloric acid of known specific gravity (suppose M), contain- 
ing nearly 20 per cent, of chlorine, also from a charged 
alkalimetrical tube, and apply gentle heat to the bottom of 
the flask by placing it in a capsule of water standing over 
a spirit-lamp. The chlorine evolved will rise up through 
the tube/, which passes merely beyond the cork, and will 
enter into the solution in b and a, converting it into red 
sulphate. Have ready some dry paper imbued with solution 
of red ferrocyanide of potassium (red prussiate of iron). 
Dip a slip of whalebone into the liquor ia the globe A, 
through the funnel e (represented in the .figure rather too 
high above the globe), and touch the paper with its point. 
As long as it forms a blue spot, some of the iron still exists 
as black oxide, and the process is to be urged by the ad- 
dition of a little more hydrochloric acid to the manganese, 
as long as chlorine gas continues to be disengaged, and while 
it maintains the level of the liquor in A above that in b. 
Whenever the liquor, by the reaction of the chlorine, ceases 
to stain the test-paper blue, more of the solution from the 
graduated tube must be added till it begins to do so. By 
the cautious administration of the hydrochloric acid on the 
one hand, and of the copperas liquor on the other, the term 
of saturation will be arrived at in a few minutes. The 
manganese has then produced all the chlorine which it can 
yield. The number of water grain measures, of the liquor, 
or degrees of its alkalimeter scale being multiplied by 44, 
will give a product denoting the per-centage of pure manga- 
nese present in the sample ; or being multiplied by 36, a product which will denote 
the quantity of chlorine by weight which 100 grains of it can serve to generate. 

Since one atom of pure manganese (44 grains), in producing 36 grains of chlorine, 
consumes 2 atoms = 74 grains of hydrochloric acid, the quantity of this acid expended 
from the graduated tubes, beyond the due proportion of chlorine obtained, will show 
how much of the acid is unprofitably consumed by foreign substances in the manganese. 
In fact, every grain of chlorine should, with pyrolusite, be generated by an expenditure 
of little more than 2 grains of real muriatic acid, or 10 grains weight of the dilute acid, = 
about 9 grain measures of the graduated tube. Liquid hydrochloric acid of spec. grav. 
1*093 contains in 1,000 grain measures exactly 200 grains of real acid. Hence 100 grains 
of pur^pyrosulite should produce about 82 grains of chlorine, and consume about 169 
of real muriatic acid = 845 grain measures of liquid acid, spec. grav. 1*093. Instead 
of taking 100 grains of manganese as the testing dose, 10 or 20 grains may be taken, 
according to the dimensions of the apparatus and the exactness of the operator. 

But if it be wished to obtain direct per-centape of manganese by the graduated tubes 
without the trouble of reduction, then for a dose of 10 grains take a solution of fresh green 
copperas (free from adhering moisture), containing 632 grains in 10,000 grain measures. 
Proceed as above directed. If the manganese be a pure peroxide, 10 grains of it 




* Berzelius, in the 4th edition of his Lehrburh, rates the atom of the green sulphate of Iron (ferrous 
sulphate) at 129*43, hydrogen = I, and considers it. after Mitscherlich. to contain only 6 atoms of water. 
I have ascertained, by the most careful experiments, that it contains 7 atoms of water ; and that tS9 
grains of it, or 13844 (Berzelius) are equivalent to 1 atom of chlorbarium, and to very nearly 40 grains 
of peroxide of iron. 

This remarkable error has probably arisen from an attempt to measure the proportion of water in the 
salt from its loss of weight by desiccation. Rut I have found it impossible by this means to expel more 
than 6 atoms of water without causing partial decomposition of the salt by disengavement of sulphuric 
acid. The copperas so dried acquires Kuch an affinity for water, that it absorbs fuUy one tenth of its 
weight of moisture from the atmosphere in the course of an hour. 
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will generate as much chlorine as will peroxidize exactly 1,000 grain measares, or 100 
degrees by the test-tube of the copperas solution. But if the manganese contain 
only 40 or 50 per cent, of peroxide, then 40 or 50 centigrade measares of the said 
solution will be equivalent to the chlorine evolved from it by the reaction of hydro- 
chloric acid. 

If the object is on the other hand to obtain direct indications as to chlorine, then a 
test solution of copperas, containing 772 grains in 10,000 grain measures, will senre 
to show, by the peroxidizement of each 10 grain measures, or of one degree of the cen- 
testimal scale of the test-tube, the reaction of one grain of chlorine available for 
bleaching, &c., in the chloride of lime or of soda, &c. The test solutions of copperas 
should be kept in well-corked bottles, containing a little powdered sulphuret of iron at 
their bottom, which is to be shaken up occasionally in order to preserve the iron in the 
state of protoxide. 

The manganese should always be treated with dilute nitric acid before submitting it 
to the above-described ordeal ; and if it exhibits effervescence, 100 grains of it ^should 
be digested with the acid for a sufficient time to dissolve out all the carbonates present, 
then thrown upon a filter, washed and dried before weighing it for the testing opera- 
tion. The loss of weight thereby sustained denotes the per-centage of carbonates, and 
if calcareous it will measure the waste of acid that would ensue from that source alone, 
in using that manganese for the production of chlorine. 

That manganese is most chlorogenous which contains no carbonates, the least pro- 
portion of oxide of iron, and of sesquioxide of manganese. 

The plan of testing manganese with oxalic and sulphuric acids was originally prac- 
tised by M. Berthier and Dr. Thomson, but is lately modified by Drs. Fresenius and 
Will, who employ oxalate of potash, as likely to afford more exact results. They pre- 
scribe a multiple by 3 of 993 milli-grammes = 2*979 grammes, as the quantity of 
manganese best adapted to experiment ; but this quantity will not be found convenient 
by ordinary British operators. 

I, therefore, take leave to prescribe the following proportions : Into the vessel ▲ 
of my twin-globe apparatus (Jig, 185), put 100 grains of the ground manganese under 
trial, along with 250 grains of oxalate of potash and a little water ; poise the whole in 
the scale of a balance; then, by gentle inclination, cause a little of the strong sulphuric 
acid to pass from b up into A. The oxygen thereby liberated from the manganese, 
reacting in its nascent state upon the oxalic acid, will convert it into carbonic acid gas ; 
which, in passing through b, will deposite its moisture before escaping into the air. 
Whenever the extrication of gas ceases, after such a quantity of oil of vitriol has been 
introduced into the globe a, as both to complete the decomposition of the oxalic acid 
and to heat the mixture, virithdraw the cork for a moment, to replace the carbonic acid 
with air, then cool, and weigh the apparatus. The loss of weight, in grains, will 
denote the per-centage value of the manganese ; that is, the proportion per cent.' 
of perfect peroxide in the sample. If the manganese be pure no black powder should 
remain. 

The preceding experiment is founded upon the following principle : One atom of 
peroxide of manganese = 44, contains one atom of oxygen separable by sulphuric acid, 
and capable of converting one atom of oxalic acid into two atoms of carbonic acid, 
also = 44, which fly off; and cause therefore^ a loss of weight equal to that of the 
whole peroxidei To one atom of oxalic acid,"* which consists of three atoms of oxygen, 
and two of carbon — if one atom of oxygen be added, the sum is obviously four atoms 
of oxygen and two of carbon = 2 atoms of carbonic acid. 

The apparatus (fig. 187) of Drs. Fresenius and Will will answer perfectly well for 
making the same experiment, the manganese being put into A, with about two and a 
half times its weight of oxalate of potash, and the sulphuric acid being drawn over into 
the mixture by suction, as above described. 

The economy of any sample of manganese in reference to its consumption of acid, in 
generating a given quantity of chlorine, may be ascertained also by the oxalic acid 
test : 44 grains of the pure peroxide, with 93 grains of neutral oxalate of potash, 
and 98 of oil of vitriol disengage 44 grains of carbonic acid, and afford a complete 
neutral solution ; because the one half of the sulphuric acid, = 49 grains, goes to form 
en atom of sulphate of manganese, and the other half to form an atom of sulphate of 
potash. 

The deficiency in the weight of carbonic acid thrown off will show the deficiency of 
peroxide of manganese; the quantity of free sulphuric acid may be measured by a test 
solution of bicarbonate of potash, and the quantity neutralized, compared to the car- 
bonic gas produced, will show, by the ratio of 98 to 44, the amount of acid unprofitably 
consumed. 
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In fig. 183, the tube, d, may also be graduated, and may contain the quantity of 
acid, for the purpose either of alkalimetry or acidimetry ; and if the lower orifice be 
capillary, it will allow none of its contents to flow out, till the stopcock in the top 
orifice is opened. 

In fig, 184, such a tube as r {fig, 183) may be substituted with advantage for 
the funnel, b ; and as that tube, d, may be made of such dimensions as to contain 
enough of acid to supersaturate the bases of the carbonates in the phial, a, there will 
be no necessity for a separate vessel to hold the decomposing acid. Thus the apparatus 
becomes very Ught, convenient, and may be placed in the small scale of a fine balance ; 
whereas the twin matrasses of Drs. Fresenius and Will {fig, 187), as furnished by Mr. 
Bullock, require a very large pan or scale to stand in. I flatter myself that the in- 
strument, yig. 184, so mounted, will be found an acceptable present to practical chem- 
ists, and that it will enable them readily to examine, not only carbonates, but also 
manganese and bleaching substances, with great precision, by the weight of carbonic 
acid gas disengaged, on the principles above explained. ^ 

Into the twin globe apparatus {fig. 185), aher the sulphuric acid is poured into 
B, a little water should be poured into c, before the carbonate is introduced into the 
latter. By this means, the capillary throat of the tube under a will not be apt to get 
choked with concrete salt. 

The following quotations are from the work of Drs. Fresenius and Will, as edited 
by Mr. Bullock for the English reader. An accurate comparison may thus be made 
between the relative utility of their methods and mine to the practice of ordinary 
operators : — 

« Section XXXIY . Examination of Manganese : having at the same time due regard 
to the amount of Acid required for its complete Decomposition. — ^We have stated, at 
Section 30, that it is not a matter of indifference, with regard to the amount of acid 
employed in the production of chlorine from manganese, what are the minerals which 
this substance contains in admixture with the peroxide. The following modification 
of our method will give the most correct information on this point : — 

** Sulphuric acid of commerce is taken, and its amount of anhydrous acid deter- 
mined, as directed at Section 26, or by means of an accurate hydrometer. Of this 
sulphuric acid as much is weighed into a {fig. 187), as to give an amount of 5*47 
grammes of anhydrous acid. 

'' The following table will show the amount which ought to be taken, acoording to 
the various degree of concentration of the acid : — 



Specific weight 
found. 


Per-centage 
amount of 
anhydrous 
acid found. 


Amount to 
be used for 
the exami- 
nation. 


Specific weight 
found. 


Per-centage 
amount of 
anhydrous 
acid found. 


Amount to 
be used for 
the exami- 
nation. 


1-8485 


81-54 


6-708 


1-8336 


76-65 


7-136 


1-8480 


81-13 


6-742 


1-8313 


76-24 


7-174 


1-8476 


80-72 


6-776 


1-8290 


75-83 


7-213 


1-8467 


80-31 


6-811 


1-8261 


75-42 


7-252 


1-8460 


79-90 


6-846 


1-8233 


75-02 


7-291 


1-8449 


79-49 


6-881 


1-8206 


74-61 


7-331 


1-8439 


79-09 


6-916 


1-8179 


74-20 


7-371 


1-8424 


78-68 


6-951 


1-8147 


73-79 


7-412 


1-8410 


78-28 


6-987 


1-8115 


73-39 


7-453 


1-8393 


77-84 


7-027 


1-8079 


72-97 


7-495 


1-8376 


77-40 


7-067 


1-8043 


72-57 


7-537 


1-8356 


77-02 


7-101 









*' As much water is then poured into a as will fill the flask to about one fourth ; 
and, lastly, from 6-5 to 7 grammes of neutral oxalate of potash, or from 5-5 to 6 
grammes of neutral oxalate of soda, are added; 2-98 grammes of tiie (finely-pounded) 
manganese to be examined are then weighed (the manganese must have been pre- 
viously tested for carbonate alkaline earths : compare this section at the end) into a 
small glass tube, such as used in acidimetry, and described in Section 25. About the 
same quantity of pure pyrolusite,* in powder, is then put into anothen similar tube. 
The tube, with the manganese to be examined, is then suspended in A {fig. 187), as 
described at Section 26, and the apparatus prepared, as directed at Section 3. The 

* " Any variety of pyrolusite will serve this purpose, provided it be free from other manganese ores. 
If it contains heavy spar, it maybe employed directly ; but should it contain alumina or lime, it mu^t 
be treated first with dilute nitric acid, at a gentle heat, until all soluble parts have been dissolved ; it 
is then washed and dried. Artificially prepared, hydrated peroxide of manganese may be substituted 
for pyrolusite." 
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apparatus is then placed oa one scale of a balance, togedier with the other little tube 
containing the pyrosulite, and exactly weighed. 

" The cork of a is then somewhat raised to allow the little tube with the manganese 
to fall into the flask. The evolution of carbonic acid commences immediately, and 
continues until all the manganese is decomposed. When the operation begins to get 
on more slowly, the flask, a, is placed in boiling water, and allowed to remain there 
until no more bubbles appear. The little wax-stopper is then removed* from a, the 
flask. A, Jtaken out of the hot water, and suction applied to dy until the sucked air 
tastes no longer of carbonic acid. The apparatus, after Slaving been allowed to cool, 
is wiped dry, and replaced in the original scale, where the little tube with the pyro- 
lusite still remains ; weights are then substituted for the loss of carbonic acid. The 
number of centigrammes required, divided by three, directly indicates the per-centage 
amount of peroxide of manganese {vide Section 32). The centigrammes substituted 
for the loss of carbonic acid are then removed from the balance, and the little tube 
with the pyrosulite is thrown into A. (The little wax-stopper must of course pre- 
viously be replaced on a). If no fresh evolution of carbonic acid takes place, the 
manganese examined consists of pure pyrosulite, and the experiment is at an end. But 
should a fresh evolution of carbonic acid take place, the operation must be further 
conducted, and brought to a close, exactly as just stated {vide supra). The apparatus 
is then replaced on the balance, with an additional weight of three grammes on the 
same scale. If this is sufficient to restore a perfect equilibrium, no loss of acid has 
taken place ; the manganese, indeed, contains other matters in admixture, but only 
such as do not consume any acid. But if the scale with the apparatus sinks, this is a 
certain sign that a portion of the acid has been lost by combining with the oxides which 
the manganese under examination contains. The number of centigrammes required 
to restore the perfect equilibrium of the balance, multiplied by 0*6114, immediately 
indicates how much anhydrous sulphuric acid has been wasted in the decomposition of 
100 parts of the manganese under examination. The same number, multiplied by 
0*333, indicates the amount of acid wasted in every 100 parts of sulphuric acid em- 
ployed for the decomposition of the manganese in question. The same number, multi- 
plied by 0*5552, indicate how much anhydrous hydrochloric acid would be wasted in 
the decomposition of 100 parts of the manganese. The same number, multiplied by 
0*333, indicates also how much acid would be wasted in every 100 parts of hydrochloric 
acid employed for the decomposition of the manganese. 

" These figures result from the following equations : — 
'^ I. 275 (eq. of carbonic acid) : 501 (eq. of sulphuric acid) =the carbonic acid ob- 
tained minus (in proportion to the sulphuric acid used) : x. 

a:=this carbonic acid X ^Oi, t. «. X 1*822. 
Thus, the number obtained for x indicates the amount of sulphuric acid corresponding 
to the amount of carbonic acid obtained minus, 

"II. 2*98 of manganese: 100=a: of equation I. : x. 
x=x of L X ^§f ,t. c. X 0*33657. 

" The X of the first equation tells us how much sulphuric acid has been wasted without 
contributing to the decomposition of 2*98 grammes of the manganese ; the x of the 
second equation tells us the same for 100 parts of manganese. 

" If, therefore, the amount of carbonic acid obtained minus be directly multiplied by 
the product of the quotients of I. and II., 

1*822 and 0*33557, 
i. e. with 0*61141 (the number given above), the amount of anhydrous sulphuric acid 
wasted in the decomposition of every 100 parts of manganese will immediately be 
found. 

"ni. 5*47 (the amount of sulphuric acid used) : 
100=the a: of I. : x. 
x=thex of I. X 1^^, i. c X 0*18282. 

" Of 5*47 of sulphuric acid, the x of I. has been wasted, 100 corresponds to the x 
of III. 

«< The X of III. is, therefore, found directly by multiplying the amount of carbonic 
acid obtained minus with the product of the quotients, 1*822 and 0*18282, t. €.= 
0*33301. 

" The fij^ures for hydrochloric acid are found in the same manner (4*967 of hydro- 
chloric acid must be taken instead of 5*47 of the sulphuric acld).''t 

* " This must of necessity be done while the flask is still standing in the hot water, or else the sul- 
phuric acid will recede upon the apparatus being removed from the hot water.** 

t New Methods of Alkdlimetryj and of determimng the Commercial Value of Adds tad Mangmust, 
By Drs. C. R. Fresenios and H WiU. Edited by J. Lloyd Bullock: pp. 133>1S8. 
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ARTESIAN WELLS. Fig. 189, is that referred to in the foot-note of page 10. 
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BEER. A gentleman well acquainted with the brewing of porter in London has 
favored me with the following information. 

Essentia bina has been discontinued by the London porter brewers since the employ- 
ment of black malt, which is prepared by roasting in such a cylinder as coffee is usually 
roasted in over a fire. A peculiar flavor has sometimes been imparted by using roasted 
barley instead of malt. The usual quantity of yeast employed in the London porter 
breweries is from 5 to 7 tenths per cent. The grist, as it is technically termed, or charge 
for a mash-tun, is composed of from f to i- pale malt, and the rest of high dried malt, 
of which about from j^ to -s^g- black. The oil of birch bark is not used by any respect- 
able brewers in this country. The proportion of hops for double stout is seldom more 
than 15 pounds to the 8 bushels of malt. 

FLAX. The new roving machine, called by the ingenious inventor, Mr. W. K. 
Westley, of Leeds, the Sliver Roving Frame, seems to^ be a philosophical induction 
happily drawn from the nature of the material itself, and accommodated to its peculiar 
constitution. It is remarkable for the simplicity oi its construction, and, at the same 
time, for its comprehensiveness ; requiring no nicety of adjustment m its application, 
and no tedious apprenticeship to be able .to work it. 

It is known, that the glutmous matter of the plant may be softened by water, and 
hardened again by heat ; of this fact advantage is taken, in order to produce a roving 
wholly without twist ; that is, in the form of a riband or sliver, in which the fibres are 
held together by the glutinous matter which may be natural to them ; or which may, 
for that purpose, he artificially applied. The sliver roving, as long as it remains dry, 
possesses all requisite tenacity, and freely unwinds from the bobbin, but on becoming 
again wetted in the spinning frame, it readily admits, with a slight force, of being drawn 
into yarn, preserving the fibres quite parallel. 

The diagram, ^g. 190, shows in explanation, that 

A, is the drawing roller of the roving 
frame in front of the usual comb. 

B, the pressing drawing roller. 

C, a shallow trough of water. 

D, a cylinder heated by steam. 

E, a plain iron roller for winding. 

F, a bobbin lying loose upon the 
winding roller, and revolving upon it, 
by the friction of its own weight. 

The roving, or sliver, as shown by 
the dotted line, after leaving the draw- 
ing rollers A B, passes through the 
water, in the trough C, which softens 
the gluten of the fibres ; and then it is 
carried round by the steam cylinder D, 
which dries it, and delivers it hard and 
tenacious to the bobbin F, on which it 
is wound by the action of the roller E. 
This is the whole of the mechanism required in producing the sliver roving. All 
the complex arrangements of the common cone roving are superseded, and the machine 
at once becomes incomparably more durable, and easier to manage ; requiring only 
half the motive power, and occupying only half the room. A frame of 48 bobbins is 
only 6 feet long, and affords rovings sufficient to supply 1,200 spinning spindles. 
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The machine is very general in its application, being equally well adapted for*lieavy 
us for fine rovings. 

In making a roving in the asual way, the twist, in addition to other circumstance, 
sets a limit to the degree to which a materal of a given fineness may be roved ; be- 
cause the quantity of twist required to give a roving the necessary cohesion, increa»es 
in proportion as the number of fibres composing that roving diminishes, till it 
accumulates to such a degree, that the fibres are prevented from drawing regularly, 
or, if drawn, are broken and scattered by the violence of the action. It is impos- 
sible, therefore, to make a light roving, good for anything, out of a coarse material; 
but in the sliver roving, there is no difficulty in making a roving of almost any 
fineness, with little reference to the quality of the material employed, because, while 
one fibre can be glued to another by any portion of its extremity, a roving may 
be made. 

It becomes easy, with a sliver roving, to use a double or triple roving on the spin- 
ning frame. The great advantage of this practice has long been well known, and 
acted upon, in the spinning of cotton ; but in that of flax, it has hitherto been un- 
attainable : yet the vast benefit to be expected, from doubling on the spinning 
frame all the equalization of the previous preparation, is too self-evident to be insisted 
upon. 

The sliver roving, made however fine, is perfectly solid, tenacious, and compact ; no 
fibres in it, when once laid straight, can afterward be ruffled or disturbed ; and, as 
they are placed in the yarn in the exact position in which they leave the combs, being 
kept straight without any ruffling or tangling from twist, the inelastic nature of the 
material is not injured, and the yarn acquires a superior lustre, roundness, and 
strength. 

The sliver roving is drawn with less force than the twisted roving, and is therefore 
less liable to make snarls in the yarn ; while it has another advantage arising from the 
absence of twist. The fibres of flax and tow being various in length, a uniform twist 
upon them will naturally retain the longer fibres more efl*ectually than the shorter 
ones, which will hence have a tendency to run into thick /places in the yarn. From 
this inconvenience the sliver roving is completely free. 

In the spinning frame, there is also a benefit derived from the bruising action of the 
detaining roller : the pressure is supposed to split the fibres laterally, and thereby make 
them finer, in the same way as a board would be split by being passed through iron 
roUers, under a pressure; but it is evident that in a twisted roving a portion of each 
fibre must escape this action, by winding round the body of the roving, and, con- 
sequently, the fibres can be but partially split. By this circumstance, in addition to 
the direct loss of benefit, a new and serious evil is created ; a fibre split has always, in 
the split portion, one end longer than another, and the longest end, of course, arrives 
first p.t the drawing rollers. Now, if the fibre be only partially split ; if that portion 
whose end arrives first be not wholly separated from the rest of the fibje ; it follows, 
that when the longer end is seized by the drawing rollers, the shorter end will be drawn 
into a knot, or thickening; because its fore end is still held back by the adhesion of its 
contiguous fibres, while its back end is drawn forward, by being still attached to its 
original fibre. In the sliver roving, the fibres, being perfectly straight and parallel, are 
exposed to the bruising of the rollers equally, and are split uniformly and entirely from 
end to end. 

The sliver roving, being so much simpler in construction than any other, is capable 
of running .quicker ; but if running only at the same speed, it will produce from 25 to 
30 per cent, more work, because it is never stopped in order to be dotted.- The bobbins 
are so placed, that the attendant has only to remove a filled bobbin, and replace it with 
an empty one, without the slightest interruption to the progress of the machine. 
Owing to this circumstance, the attendant is provided with an easy and uniform em- 
ployment for her time, instead of occasionally doing nothing, and again hurrjing 
through the labor of doffing; and the work also, being simpler, may be performed by 
cheaper hands. 

It must be noted that doffing is of frequent occurrence, especially in heav}* numbers, 
and occupies much time where one person has to doff a great many spindles, and it is often 
inconvenient, where other hands are called from their work to assist : but it is not only 
in doffin? that time is lost ; it is in wiping, picking, and oiling the numerous flyers 
and spindles carefully, and which should not be hurried ; and, moreover, when the 
machine requires thorough cleaning, the complication of its mechanism materially in- 
creases the loss of time as well as expense; so that the saving effected by not stopping 
the frame to doff becomes very considerable, and soon repays the whole cost of the 
machine. 
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£ach bobbin has in fact its own regulating motion, independent of the rest ; and 
this is at aU times correct, withont requiring any fresh adjustment or adaptation to 
different thicknesses of roving, enabling the spinner to rove at the same time, on 
the same frame, as many sorts or thicknesses of roving as there are bobbins in a 
fzame; whereas on the common machine he is compelled to rove but one sort or 
thickness at a time ; and whenever he alters the sort, the mechanism requires a fresh 
adjustment, involving the chances of error, and attended with loss of time and waste of 
material. 
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